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An expanded and revised compilation on the reactivity of singlet oxygen, the lowest 
electronically excited singlet state of molecular oxygen, lOr e tl g), in fluid solution is 
presented, which supersedes the publication of Wilkinson and Brummer, J. Phys. Chern. 
Ref. Data 10, 809 (1981). Rate constants for the chemical reaction and physical 
deactivation of singlet· oxygen available through 1993 have been critically compiled. 
Solvent deactivation rates (kd) are tabulated for 145 solvents or solvent mixtures and 
second-order rate constants for interaction of singlet oxygen with 1915 compounds are 
reported. ©1995 American Institute of Physics and American Chemical Society. 
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1. Introduction 

Reactions of singlet oxygen lOie~g), are of much cur
rent interest because of their importance in many photooxi
dations of chemical and biological sysLt:lIls iuduuiIlg It:ac

tions used in photo-chemotherapy. There is strong evidence 
for the involvement of singlet oxygen, a powerful oxidant, in 
many photosensitized oxidations, photodynamic inactivation 
of viruses and cells, in phototherapy for cancer, in photo car
cinogenisis, in the photodegradation of dyes and polymers 
and in the dye sensitization of the photodegradation of poly
mers. [See Refs. 1-7 and references therein]. 

The ground electronic state of molecular oxygen, which 
has zero angular momentum about the internuclear axis and 
contains two unpaired p electrons, has the group theoretical 
symbol 3I;. The two electronically excited singlet states 
which arise from this same electron configuration but with 
spin pairing of the two electrons are the 1 ~ g and the 1 I; 
states which lie at 94 and 157 kJ mol-l, respectively, above 
the 3I; ground state. The electronic transitions 1 ~g+-3I; 
and II: +-3I; although highly forbidden are readily 
observed in absorption and emission in the upper atmosphere 
with zero-zero transitions at 1,269 and 762 nm and esti
mated radiative lifetimes of 64 min and 10 s, respectively.8,9 
The measured lifetimes in the gas phase and in solution are 
very much shorter than this. In condensed media, the lifetime 
of lOieI;) is short, 130 ns in carbon tetrachloride, and 
until recently very little was known about its properties, 10 

and thus the term singlet oxygen is used throughout this 
review to refer to the 1 ~ g state. 

In 1981 we published a critical comprehensive compila
tion which reported first order decay constants for 50 sol
vents and second order rate constants for deactivation and 
chemical reaction of singlet oxygen with 690 different com
pounds. This article updates and replaces our ] 981 article.5 It 
uses identical equation numbers and symbols wherever pos
sible as did our recent compilation,6 "Quantum Yields for 
the Photosensitized Formation of the Lowest Electronically 
Excited Singlet State of Molecular Oxygen in Solution." It 
covers the literature up to the end of J 993 and includes sol
vent deactivation rates (kd) for 145 solvents and solvent mix
tures and rate constants for chemical reaction and physical 
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deactivation of singlet oxygen with over 1,900 different 
compounds. 

2. Sources of Singlet Oxygen in Solution 

2.1. Direct Absorption by O2 rIg) 
Generation of 10! e ~ g) by direct absorption has been ac

complished by irradiation with Nd: YAG lasers of Freon so
lutions subjected to high pressures of O2, by Matheson and 
Leell- 13 and also by Evans14 using the simultaneous transi
tion 2 02eIg, 3Ig)---t2 O;e~g, 1~g). In addition Singh 
et al. 15 have shown that it is also possible to produce 
10! (1 ~ g) by irradiation of aerated water at 600 nm via vi
brationally excited water with a yield of ~3X10-5, i.e., 

Itv(IR) Oz 

Water ---t Water( vib) * ---t 10; (1 a g) . 

2.2. Production Following Absorption into 02 
rIg): Organic Molecule Charge-Transfer Bands 

The perturbing effect of dissolved oxygen on the uv/vis 
absorption spectra of organic molecules is a well known phe
nomenon first studied in detail by Evans16 and subsequently 
discussed by Mulliken17 and others.18 The additional absorp
tion bands observed include enhanced absorption of the low
est energy transition in the organic molecule, M, which cor
responds to the So ---t T 1 transition of the organic molecule in 
intimate contact with an oxygen molecule. More intense ab
sorption is also often observed at shorter wavelengths which 
is attributed to CT transitions within \M .. 0 2) contact com
plexes, viz, 

M+ 30 2---t\M ... 0 2) +hv---t\M+ ... 0;). 

This effect is easily observed by comparing the absorption 
spectra of liquid aromatic hydrodrocarbons such as benzene, 

toluene, or 0-, m-, or p-xylenes saturated with oxygen and in 
the absence of dissolved oxygen. The oxygen induced red 
shift observed, which is reversible when the oxygen· is re
moved; has been assigned to charge transfer absorption. This 
assignment is supported by the broad structureless appear
ance of the bands. Scurlock and Ogilbyl9,20 have demon
strated that irradiation of 02eI;):organic. molecule charge
transfer bands produces singlet oxygen with relatively high 
yields. Picosecond laser flash photolysis studies have been 
carried out in attempts to understand the mechanism in
volved.21,22 

2.3. Photosensitized Production 

The method most frequently used for producing singlet 
oxygen in the laboratory is photo-sensitization (see Scheme 
1). Both continuous irradiation and pulsed excitation studies 
have made much use of this method of production which 
also frequently occurs in nature. In this mechanism (Scheme 
1) the lowest excited singlet and triplet states. of the sensitiz
ers are represented as SI' and T 1, respectively, amI the;: 
ground electronic state by So. Any substrate which deacti
vates singlet oxygen by physical or. chemical quenching is 
represented in Scheme 1 by M. However, when quenching is 
known to be mainly by chemical reaction we shall use A to 
represent a reactive substrate and if a second reactive sub
strate is employed A' will be used. When the molecule is 
known to be a physical quencher with negligible reaction. Q 
will be used in place of M. The singlet. oxygen sensitizer, 
even when the sensitizer quenches singlet oxygen, will be 
represented by S. Thus M is a general symbol in Scheme 1 
which may be replaced by A, A', Q, or S or any combination 
of these. In the tables we have used A throughout for all 
substrates irrespective of whether they were known to have 
little measured chemical reactivity. 
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Scheme 1 

1 SO+hV~SI 

2 SI~So+hvF 

3 SI~SO 

4 SI~Tl 

5 SI +02~Tl + 10i 

6 Sl +02~Tl +02 

7 S102~So+302 

8 SI + 02~products 

9 Tl~So+hvp 

10 Tl~SO 

11 Tl+02~SO+10i 

12 Tl +02~SO+302 

13 Tl +02~products 

14 10i~302+hvp 

15 10i~302 

16 l0i+M~products 

17 10i+M~lM+302 

Rate Constants 

rate=I a 

kF I kic 

kisc 

k02 
sa 

k?2 
ISC 

k02 
Sd 

k02 
Sr 

kTp ~ kTd 

k02 

I Ta 
k02 

Td 

k02 
Tr 

kap , 
kad 

kM , r 

kM 
q 

Quantum Yields and 
Fractional Probabilities 

kF 
CPF=

kSD 

kisc 
CPT=-

kSD 

f s =k02/k02 
a sa SQ 

/°2= (k02+ k?2)/k02 
T Sa ISC SQ 

p~2= k~6[02]J(kSD+ k~6[02]) 

1-p~2= 1/(1 + k~6Tg[02]) 

tP~2= tPrtl-P~2)+ f~2p~2 

P~2=k~6[02]/(kTD+ k~6[0~) 

f~ = k ap/ (k aP + k ad) 

f~ = fraction of SI quenched by O2 which gives l0i 

f~2=fraction of SI quenched by O2 which gives T 1 

IX = fraction of Tl quenched by O2 which gives 10i 

p~2=proportion of SI quenched by O2 
p~2=proportion of Tl quenched by O2 

The quantum yield of singlet oxygen production, CPIl' via 
sensitization is given by the sum of contributions due to 
OXygCll lJucm;hillg uf S1 and Th i.c., 

CPa = CPIl(S) + CPIl(T) =P~2f~ + cP~2p~2fI· 
In the presence of oxygen quenching of Sl and T 1 

cP Il = p~2 I~ + CPT( 1 - P~2)P~2 11 + P~2 1~2 p~2 11, 

which can be written as 

CPIl = CPTP~2fl + P~2{f~ + P~2fX(f~2- CPT)}' (1) 

Methods for determining CPIl were reviewed by us6 and 1,600 
quantum yield determinations were tabulated for 750 differ
ent chemical species. 

2.4. Sensitized Production by Pulsed Radiolysls 

When a high energy electron beam is passed through liq
uid benzene, for example, a high yield of excited states can 
be formed. Since the lifetimes of singlet and triplet states of 

--------._----------------------

benzene are only a few nanoseconds in neat benzene, 
quenching by dissolved oxygen does not produce much sin
glet oxygen. However, ill the presence of a triplet energy 
acceptor, e.g., 10-2 mol L -1 naphthalene, energy transfer 
from triplet benzene occurs to give triplet naphthalene which 
is quenched by oxygen producing singlet oxygen. This en· 
abIes the properties of singlet oxygen to be probed using the 
technique of pulsed radiolysis.23 

2.5. Microwave Generation of Singlet Oxygen 

When a microwave discharge is passed through oxygen 
gas in a gaseous flow system, singlet molecular oxygen 
e Ag and 14;), oxygen atoms, and ozone are produced. The 
latter two oxidizing species can be removed by reaction with 
mercury vapor and the 10i(II;) is rapidly quenched, prob
ably to give 1 O~ e A J when the emerging gases are bubbled 
through solutions containing oxidizable substrates. Often the 
flow is bubbled simultaneously through two cells, one con
taining the· substrate only and. the other containing substrate 
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llnd potential singlet oxygen quencher.24 This makes it easier 
to allow for variations in the concentration of dissolved sin
glet oxygen produced .in these bubbling experiments. 

2.6. Chemical Production of Singlet Oxygen 

Among the reactions used to form singlet oxygen are (a) 
reaction of hydrogen peroxide with hypochlorite or 
hypobromite,25 (b) reaction of potassium superoxide with 
water, and (c) thermal decomposition of aryl peroxides or of 
the ozonide of triphenyl phosphite.24 Experiments are usually 
carried out so that a fixed amount of singlet oxygen is pro
duced in the presence of variable amounts of reactive sub
strate A and/or A' with or without added quencher, Q. 

3. Methods for the Direct Study of the 
Kinetics of the Reactions of 

Singlet Oxygen 

3.1. Luminescence Oecay-Time Resolved Infrared 
Luminescence 

Although the quantum yield of phosphorescence of singlet 
oxygen is very low in most solvents, the development of 
germanium photo diodes with high gain, coupled with wide
band amplifiers which can give overall time responses of less 
than a microsecond, means that the lifetime of singlet oxy
gen in most solvents can be measured accurately by moni
toring infrared luminescence at ...... 1270 nm.26,27 If the loga
rithm of the phosphorescence intensity is plotted as a 
function of time then the slope gives the decay constant 

(2) 

where M represents any molecule including the sensitizer 
which quenches singlet oxygen, phy!':icaIJy or chemically_ If 
kn · is measured -as a function of the concentration of a par
ticular quencher M~ keeping all other quencher concentra
tions 'Constant, the bimolecular rate constant for quenching of 
singlet oxygen by M, kM can be obtained.:l~,:lYMeasurement 
of kD as a function of sensitizer concentration allows ks to be 
evaluated. When a decay constant for singlet oxygen is not 
extrapolated to zero sensitizer concentration we shall use kd 
= (kt:. + ks[S]) for the decay constant. It is often assumed 
that under many experimental conditions kd = kt:., however 
this is not always the case. 

3.2. Time Dependent Thermal lensing due to 
Singlet Oxygen Decay 

The absorption of even part of the energy in a laser pulse 
gives rise to local temperature changes in gases or liquids. 
This leads to changes in· density and refractive index which 
causes the system to act as a diverging lens.3o Time resolved 
thermal lensing (TL) due to release of energy by decaying 
excited states can be used to measure lifetimes of singlet 
oxygen in the range 0.1 to 100 /-LS. The probe source is a 
continuous laser beam which is deflected by the thermal lens. 
The signal gives the relative magnitudes of heat contribu
tions (U) for fast and slow non-radiative processes relative to 

the acoustic transit time. The time dependence of the slow 
process gives rate information. The TL signal at time t is 
defined as 

Vo- Vet) 
U(t)= Vo ' (3) 

where Vet) is the time dependent voltage generated by the 
detector. Following the sensitized production _ of 10;, the 
thermal buildup AU=Utotal-Ufast decreases exponentially 
with the decay constant kD given by Eq. (2). 

3.3. Time Dependent Acceptor Disappearance 

3.3.1. Following Pulsed Excitation of a Sensitizer 

According to the mechanism given in Scheme 1, in this 
case with M = A, since we are discussing a reactive substrate, 
it follows that 

- d~~]=k~[A]eo;]. 
Following pulsed excitation in aerated solutions most singlet 
and triplet states have decayed within I J.LS and then 

deO*] -+= (kd+kA[A])[lO;] 

and thus 

- d[A]=k~A][10n._O[ exp- ( kdt+ J: kA [A]dt) ]. (4) 

Equation (4) has been treated slightly differently as follows; 
(a) Merkel and Keams31,32 assumed that [A] on the right 

hand side of Eq. (4) can be treated as constant (i.e., as [A]av 
since typically [A] only varies hy -10%)_ Taking 
kD=kd+kA[A]av, integration of Eq. (4) gives, 

(5) 

Since the change in concentration of A is proportional to M, 
the change in absorbance by the oxidizable acceptor at some 
convenient wavelength, [A]t-[A]co=M/EI, where E is the 
extinction coefficient and I the analyzing path-length. It fol
lows from Eq. (5) that 

In AA = -kDt+const, (6) 

and a plot of -In M vs t should have a slope equal to 
kD= kd+kAfAlav. Thus by varying [AJav values kd and kA can 
be determined. 

(b) Adams and Wilkinson33 and Young et a1.34 replaced 
[A] by [A]av only in the exponential term in Eq. (4) and then 
integrated Eq. (4) to give 

In [[[:i.l (k~l~],_O [e-kn'-l] (7) 

or 



668 WILKINSON, HELMAN, AND ROSS 

Experimental results were fitted to Eqs. (7) Of (8) to evaluate 
kD and thus values of kd and kA were obtained. 

Comparison of the values obtained from the same data for 
kD using Eqs. (5) or (7) and (8) give agreement to within 
::!:5% and do not differ, within an experimental error of about 
::!: 10% when cxpcrirIlt::nl:; an~ rt;pt;att;u 1llallY limes, fwm 

computer treatments which do not make any assumptions 
about [AJ being relatively constant. If kA is partly due to 
physical quenching and partly due to reaction, the value of 
k A obtained will be the total rate constant for quenching due 
to both processes. 

In the presence of several possible singlet oxygen quench
ers, i.e., Scheme 1 with M = A, S, and Q, we have 

Measurement of kD as a function of [Q] keeping [S] and [A] 
constant allows values of kQ to be obtained. N.B. If kQ is 
only partly due to physical quenching and partly due to re
action, the value of kQ obtained is the total rate constant for 
quenching due to both processes. 

3.3.2. Following Pulsed Excitation of Solutions Containing High 
Pressures of O2 

A variation on this method has been developed by Mathe
son et al. 11,35 in which singlet oxygen is directly generated 
by absorption of the output at 1065 nm of a pulsed Nd-glass 
laser by oxygen dissolved under pressure (up to 130 atm) in 
1,1,2-trichlorotrifiuOfoethane (Freon 113). The disappearance 
of the singlet oxygen acceptor 1,3-diphenylisobenzofuran 
(DPBF) was monitored. Because of the high concentration of 
oxygen present, quenching by ground state oxygen, i.e., due 
to the reaction, 

contributes substantially to singlet oxygen decay, and 

(10) 

Under these conditions k~2[ 02]~ kd' therefore only values 

of kA and k~2 can be obtained by measuring kD as a function 
of [A] or [02] respectively. Recent measurements suggest 
that kA is pressure dependent.36 

304. Kinetic Analysis to give the Decay of Singlet 
Oxygen by Monitoring the Decay of Triplet /3-

carotene Produced by Energy Transfer from Singlet 
Oxygen 

Farmilo ami Wilkillson\? have developed a method for 
measuring singlet oXygcll decay which monitors absorptioll 
by trip1et j3-caroLcnc, 1(", I!HllllXi by energy transter trom 
singlet oxygen in (Jerateu soillt iOlls containing a sensitizer 
and a low concentration of fJ-ctin lknc. Consider the mecha
nisms given in Scheme 1 in the presence of j3-carotene, C, 
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i.e., a mechanism involving steps 1-17 with M=Q together 
with steps J 8-21 given below: 

18 
kTC 3 * 

T 1 + C---7 S1 + C , 

19 

20 

21 

The differential rate equations which can be written for 
d[TIJ/dt, d[lO!]/dt, and d[3C*]/dt can be solved without 
making the steady-state approximation and this gives the 
concentration of [3C*] as 

[3 C*] = V[ e - kTt - e - ket ] + W[ e - kDt - e - ket ], 

o 
where kT=kT~[02]+kTdC]; kc=kco[Oz]+kdC, and kD 
::;: kd + k tlc[ C] + kQ[ Q]. In aerated solutions the values of 

k~6[ O2] and kco[ O2] are such that after -1 J,ts, exp( - kTt) 
and exp( -kct) become negligibly small and thus 

(11) 

where W=[Tdt:::o kAC[C]k~~[02]/[(kT-kD)(kc-kD)]' W 
is a constant provided [02], [C], and [Q] are constant. It is 
usually possible to arrange for these to be present in excess 
so that [°2] ~ [10;], [C] ~ [3 C*] and any consumption of 
Q or O2 must also be negligibly small. It is important to bear 
these conditions in mind especially for work which involves, 
for example, focussed, high-energy laser pulses. However, 
when these conditions are met it follows from Eq. (11) that 
the decay of triplet ,8-carotene after -." 1 J.Ls becomes first 
order with a decay constant kD equal to that of its precursor, 
singlet oxygen as confirmed by Farmilo and Wilkinson.37 

Thus the decay of absorption at 520 nm due to 3C* under 
these conditions mirrors the singlet oxygen decay yielding 
values of kD and hence values of kd' kt"D and kQ • 

4. Methods for Obtaining Kinetic 
Information from Studies using 

Continuous Irradiation, i.e., Under 
Photostationary State Conditions 

4.1. Luminescence Intensity Quenching 

The pllOSplH lil'Sn:llce inlL'Jlsily due to emission of singlet 
oxygell ;,1 1.'711 IHII, /'.'1' observed when a sensitizer is 
COJltilll)()lIslv il Lltii;lll"d depenus on the steady-state concen
twliUIl or <;ill)',k! ()\Y)',l'1l present in a solution. When a pho
tosl;iI i()Il;II\ ',l;lk (" sillglet oxygen is produced its rate of 
prodneli()I! l,'/'\ l<jIJ:ds Ihe rate of decay kdL 10; Jss and thus 
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In the presence of a singlet oxygen quencher M the steady
state singlet oxygen concentration [loi]~ is reduced, i.e., 

1 * M ¢!!Ja 
[ °2 ]ss kd+ (k~+ k~)[M] . 

Krasnovsky38 and others have shown that a Stern-Volmer 
relationship 

(12) 

holds for quenching of singlet oxygen phosphorescence by 
physical and chemical quenchers; f!om the slopes of plots of 
L ~ La vs [M] values of the total quenching constant 
(k r + k~) can be obtained provided the singlet oxygen decay 
constant in the absence of the quencher M is known. 

Krasnovsky38 pioneered the use of phosphorescence inten
sity mt:i:tSUlt:IIlt:nLs frum singlet oxygen in solution. He and 
other workers have used this method to derive quenching 
rate constants using the Stern-Volmer equation. In addition, 
hy assnming tblt kar is independent of solvent, Turro39 has 
given estimates of lifetimes relative to a standard, in this case 
benzene, for which a value of kd=4XI04 S-l was used.5 

Measurements were made of the decrease in fluorescence 
intensity of a CCl4 solution upon addition of other solvents 
and it was found that the Stern-Volmer relationship was ob
served,· i.e., 

10 
-=Kx+l 
I ' 

where 
'TCC1 4 

K=--, 
'Tsolvent 

where x is the volume fraction. The question of the extent to 
which the radiative probability for phosphorescence from 
singlet oxygen varies with solvent is debatable.40 

4.2. Monitoring Sensitized Photo-oxidations by 
Consumption of Reactants or Appearance 

of Products Under Steady-State Conditions 

Two major classes of photosensitized oxygenations have 
been designated as Type I and Type II. In the former, the 
excited sensitizer interacts directly with the substrate result
ing, for example, in either H-atom transfer or electron trans
fer. The radicals so produced from the sensitizer react ill tht: 
presence of oxygen to regenerate the sensitizer, while radi
cals produced from the substrate, for example, initiate free 
radical chain reactions, as observed in auto-oxidations. Type 
II reactions involve the direct interaction of the excited sen
sitizer and oxygen with energy transfer to give singlet oxy
gen, which reacts with various substrates.4

,41 

4.2.1. Sensitized Photo-oxygenation of a Single Substrate A 

Many photosensitized reactions have been carried out un
der conditions such that no quenching by A of the sensitizer 
singlet or triplet states occurs, in which case the mechanism 
is as given in Scheme 1, with M = A. For continuous irradia
tion, 

(13) 

and the steady -state approximation can be applied to give 

rox ¢ak~[AJ 
¢ox=I;= kd+kA[A] , (14) 

where the rate of oxygenation (rox) may be followed by de
termining the rate of appearance of some product (Pa) and/or 
the rate of consumption of either the substrate A (Ac) and/or 
of oxygen (Oc). All three have been used. and this is indi
cated in the tables by an entry in the methods column. N.B. 
It follows from Eq. (14) that when kd ~ kA [A] or kA [A]~ kd 
the rate of oxygenation will be first or zero order with respect 
to A, respectively . .Equation (14) can be rearranged to give 

(15) 

where f~= t4 / k A is the fraction of reactive quenching of 
singlet oxygen by A. 

Most reactive substrates, A, react with singlet oxygen with 
unit stoichiometry as implied in Eqs.(13) to (15) which ap
ply when each time a molecule of 10i reacts it leads to the 
consumption of one molecule of A and one of O2 and pro
duces one molecule of the product P. If there are stoichiom
etry factors a different from unity, the overall reaction is 
given by the equation 

then 

1 d[A] 1 d[02] 1 d[P] 
r =----=----=---

ox aA dt ao dt ap dt ' 
2 

and Eqs. (14) and (15) still apply. If, however, the rate of the 
reaction is monitored by observing the rate of consumption 
of a reactive substrate such as thiourea where a= 2 and this 
rate is not divided by a=2. then a f~ appears in Eqs. (14) 
and (15). This needs to be borne in mind whenever unit 
stoichiometry does not apply. 

According to Eq. (15) linear plots of r ~xl or ¢~xl vs [A]-l 
should give 

slope kd 
intercept k A f3 A , 

where f3A = kikA represents the concentration at which the 
decay of singlet oxygen in the solvent alone (steps 14 and 
15) equals the decay due to quenching by A (steps 16 and 
17), i.e., it is the half-quenching concentration. [N.B. Eq. 
(15) only predicts a linear relationship if there is (i) constant 
light intensity, (ii) constant absorption by the sensitizer and 
with no absorption by A although this could be allowed for, 
and (iii) a constant oxygen concentration in the solution]' 
Tables 2 to 17 list hundreds of f3 values along with the values 
of kd used to derive values of kA from these f3 values. 
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4~'~' Phph)·AlltO·OxYHfmation of a Single Substrate A 

WllI'n ,\ ~'llhsl1a'c acts as its own sensitizer yielding singlet 
p\ V~'.t'll (jill' CIII observe Type II photo-auto-oxygenations. 
(,oud examples are rub rene (Rub) and 9,10-dimethyl
.1IIIhI(II..TIlC (DMA) and for .such cases this is indicated in the 
Comments column of the tables by S = A. Since the self
sensitizer is consumed in the photo-auto-oxygenation this 
usually leads to a ch:mge in Ta which mm:t he ::Illowed for_ 
Alternatively, a totally absorbing solution can be used and 
then the rate of appearance of some product or the rate of 
consumption of oxygen can be measured and substituted di
rectly into Eq. (15) to obtain values of f3 since under these 
conditions Ia is effectively constant. 

4.2.3. Sensitized Photo-oxygenations of a Substrate A in the 
Presence of a Second Substrate A' which also Reacts 

with Singlet Oxygen 

Consider in addition to steps 1 to 17 (Scheme 1) with 
M = A the further steps 22 and 23 

kA ' 

22 lOr (1 Ll g) + A' ~ A' O2 or other products, 

k A ' 

23 10;eLlg)+A' ~A' +302 , 

In the presence of a second substrate [A'] it follows that 

d In[A'] Ii1tPtJ.k~' 
dt kd+kA[A] Slope. 

In the absence of A under identical conditions, the slope of 
the first order plot for the disappearance of A I 

A' d In[A'] Ia¢t:.,kr 
dt kd 

Slopeo, 

thus 

Slopeo kA [AJ 
--=l+-[A]=I+-. 
Slope kd f3A 

(16) 

Young and co-workers42,43 and others44,45 have used this 
Stern-Volmer equation to obtain f3 values using low concen
trations of the highly reactive fluorescent substrate 1,3-
diphenylisobenzofuran (DPBF) as A'. This substrate is more 
reactive than most so that it decays in a first order manner 
during continuous irradiation in photosensitized oxidation 
experiments even in the presence of other substrates. The 
low concentrations of DPBP are often monitored by follow
ing the decrease in its fluorescence. Note that when k~ 
~ k~ (i.e., if A were a physical quencher of singlet oxygen) 
Eq. (16) applies even for much less reactive substrates than 
DBPF. 

One can also use measurements of the relative rates of 
disappearance of two substrates in the same solution. Appli
cation of the steady-state approximation to steps 1 to 17 
(Scheme 1) together with 22 and 23 gives 

d[AOz]/dt - d[AJ/dt k~[AJ 

d[A'02J/dt -d[A']/dt k~'[A'J' 

which upon integration gives 

In ([AJo/[AJ) 

In([A']o/[A'J) 

(17) 

Equation (17) and its integrated forms have been used to 
determine values of f3r= kdlk~. Equation (17) has also been 
used to compare rates of oxidation of two substrates A and 
A' separately irradiated under identical conditions in the 
same solvent and to compare the rates for the same substrate 
in different solvents.42 

Alternatively, r~: (A) and r~xCA) , the rates of oxygenation 
of A in the presence and absence of A' respectively, can be 
evaluated and these will be related by the equation, 

( 
r~xCA») = 1 + [A']o/ f3A' (18) 
r~: (A) t=O 1 + [A] 01 f3A ' 

provided A' does not absorb any exciting light, quench or 
react with S1 or T1 • If initial rates are measured keeping [A]o 
constant and varying [A']o then Eq. (18) allows values of f3A' 
to be obtained. If ,BA~[A]o the ,determination of f3A' values 
is simplified. 

4.2.4. Sensitized Photo-Oxygenations of a Substrate A' in the 
Presence of A=Q, a Physical Quencher of Singlet Oxygen 

Consider Scheme 1 with M equal to both A' and Q, i.e., 
assuming for the moment that there is no chemical reaction 
with singlet oxygen by the quencher Q and that it does not 
absorb the exciting light. Application of the steady-state ap
proximation then predicts 

(r~)-l=(I'4>J~')-l[ 1 +[A'r1
( fJA'+ k~~~l)]. (19) 

i.e., a linear relationship between (r~)-l and [A,]-l with 

slope ( ko( Q] ) (20) 
intercept f3 A' + --;:;;- . 

In the absence of quencher, slope/intercept = ,B A' [see also 
Ey,. (15)]. Thu~ 

(slope/intercept) 0 kQ[ Q] -1 

(s}ope/intercept)0 1 +T= 1 +,8Q [Q]' (21) 

In the absence of quenching of excited singlet and triplet 
states of the sensitizer the intercepts of (r~)-l vs [A,]-l 
plots are identical and it follows from Eqs. (19) and/or (21) 
that 

( slope)Q 
1 + 's01[QJ. 

( slope)o 
(22) 
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h! Ilddition, from Eq. (19) the ratio of the rates of oxygen
.Uon· in the absence and presence of Q is given by 

., t~,-(AI)) _ ko[Q] [Q]//3o 
\ ~·~TAI) '''''0-

1 
+ kd+ kA,[A']o 1 + 1 + [A']ol ,BA' (23) 

~~(, Eq. (18). Alternatively if one assumes that [A] does not 
*.lhtmge nppreciably (i.e., for low fractional conversions) Eq. 
(t9) can be integrated to give the concentration of A'02 pro
duc{'d· after time t, which equals the change in concentration 
nf At! A[A'], and 

IAt]() [A']o A O 

f)(fOzr= A[A']= M 

_ . A' 1( , kd kQrQ]) 
- U at ifJ/:1fr) [A ]0+ kA' +~ , (24) 

where A 0 and .6A represent the initial absorbance and the 
(:inmgc in the absorbance by the reactant A'. Plots of 
l~ HJ AA vs [QJ have been shown to be linear and frOIn Eq. 
(24) it follows that for such plots 

slope 
ko . (kd+kA,[A']o). (25) 

mtercept 

4.2.5. Sensitized Photo-Oxygenation of a Substrate A' In the 
J'r ••• nce of A=Q, a Quencher of Both Singlet Oxygen and the 

Sensitizer Triplet 

The mechanism is that given by Scheme 1 with M = A and 
0, together with the reaction 24. 

k~Q 
24 T1 +Q--?So+Q or Q* or products. 

l\pplication of the steady-state approximation gives 

(ro )-1=(1 cP /A')-l( k~o[Q] +1) 
ox a /:1 r k02[O ] 

TO 2 

x[ 1+ [AT {BA' + k~~~]n (26) 

Note that for a plot of (r~)-l vs [A,]-l the slope/ 
intercept is still given by Eq. (20) since the extra term in Eq. 
(26) affects both the intercept and slope equally. The pres
ence or absence of this change in intercept for (r~)-l vs 
( A I] -1 plots can be used as a diagnostic test for the presence 
of steps such as 24 which reduce the yield of singlet oxygen 
produced. Another test is the occurrence of a dependence on 
the concentration of oxygen in solution since reaction 24 
(~ompetes with oxygen quenching and thus the yield of sin
glet oxygen becomes dependent on the pressure of oxygen 
obove the solution. (e.g., see Refs. 45,46). 

4.2.6. Separation of k rand k q 

Apart from Eq. (17) application of all of the equations 
given so far only allows values of kA=k~+k~ or ko=k~ 
+ k~ to be obtained. Methods which have been used to sepa
rate kr and kq values usually involve the direct measurement 

of the quantum yields of oxygenation, ifJox, for example at 
high concentrations of A such that kA [A]~kd' in which case 
it follows from Eq. (14) that 

(CPox)[A]-4OO= CP/:1/~' (27) 

Alternatively at low values of [A] when kd~kA[A] Eq. (14) 
gives 

cp/:1k~[A] 
ifJox kd (28) 

and measurement of ifJox together with a knowledge of CP/:1' 
and kd or f3 A allows values of k~ or f~ to be determined. 

The limiting yield of oxygenation of a very reactive ac
ceptor e.g., a-terpinene or 2,5-dimethylfuran (2,5-DMF) for 
which f~ is close to unity (i.e., k~~k~) may be used as a 
reference substrate to give values of CP/:1 and whence k: for 
other additives.47,48 

Gollnick and Gricsbcck49 have, for example, measured the 
rates of oxygen consumption of various substrates relative to 
that of 2,5 -DMF at concentrations greater than 4 Xl 0-5 L -1. 

In this method k?MF~k~MF. r~~F=IQcP.6.. and 

r~xMF (k~+k~)[A]+ks[S]+k/:1 
r~x = kt[A] 

or 

(29) 

Plots of r~xMFlr~ versus [A]-l are linear and the value of 
k~/k~ can be determined from the intercept. Variations in the 
slope of such plots with the. sensitizer concentration allow 
values of ksfk~ and k/:1lk~ to be determined. If k/:1 is known 
then k~, ks, and k~ can be determined.49 

5. Kinetic Analysis for Oxygenation by 
Singlet Oxygen Generated by 

Chemical Reaction, by Microwave 
Discharge, or by Direct Laser Excitation 

5.1. When Singlet Oxygen is Produced 
Chemically 

Oxygenation reactions arising from singlet oxygen pro
duced chemically have been studied in the presence and ab
sence of singlet oxygen quenchers. In the absence of 
quencher the decrease in A is given by the relative probabili
ties of steps 14, 15, and 16, and 17 with M=A 

d[A]_ deO!][ k:LA] 1 (30) 
-d(--d-t - kd+kA[A] , 

which integrates to give 

[ 
[A]o] [.] ] _ A 1 *] ,BAln [A]ex) + A o-[A oo-/r[ O2 00, 

where rtor]oo is the total amount of singlet oxygen gener
ated chemically. For small fractional conversions 



672 WILKINSON. HELMAN. AND ROSS 

In( [AJo) = ([AJo- [AJo;) 
[AJoo [AJoo 

and substitution gives 

1 _ A[1 *] -1[ f3A 1 
a[A] - (fr O2 co) [Al~ + 1 , (31) 

where a[A]=[AJo- [AJex;. Thus a plot of a[A]-1 vs 
[A]-l for small conversions hfls s1ope/intercept = ilA' In the 
presence of a quencher of chemically produced singlet oxy~ 
gen and a substrate A I 

(f3A'+ k~~~J)( In( f~:t) + A[A']) = f~'[101J~, 
(32) 

so that if kd and k A' are known, Eq. (32) allows kQ to be 
evaluated from values of [A'Jo and [A'Joo in the presence of 
[Q]' With the decomposition of the ozonide (C6HsOhP ... 0 3 

in the presence of pyridine, MendenhaU50 has shown that 
there is quantitative generation of 10; so that [10;] 0; can be 
replaced by the initial concentration of (C6HsOhP03, i.e., 

[10*] [( )] A' 2 ..,.,= C6HsO. 3P03 0 and Ir is often assumed to be 
unity when A' is rubrene.50 

5.2. When Singlet Oxygen is Produced by 
Microwave Discharge in the Gas Phase 

Equations (31) to (32) also apply to the disappearance of a 
substrate as a result of reaction of singlet oxygen generated 
in microwave experiments (as well as for singlet oxygen pro
duced via photosensitization). Taking Eq. (32) for relative 
measurements with the same initial concentration of sub
strate [~J in the presence and absence of a quencher gives 

kA,([A']~-[A']~)+kd )n(~) 
kQ= ([A/]o) 

[Q]ln [A'J~ 

(33) 

where [A']~ and [A')~ represent the final values after ex
posure to microwave generated singlet oxygen in the pres
ence and absence of quencher, respectively. Equation (33) 
has also been used following chemical and photochemical 
production of 1 a; in the absence and presence of a quencher 
Q (or acceptor A). 

5.3. When Singlet Oxygen is Produced by Direct 
CW Laser Excitation of Oxygen 

Evans and Tucker14 and Matheson and co-work
ersl1 -

13
,35,51 have used laser excitation of highly concentrated 

oxygen solutions in high pressure cells, with gaseous oxygen 
up to 130 atm, to give directly the 1 O:iC Ag) state by absOlp
tion at 1065 nm from a CW Nd YAG laser and 10; e Llg) 

directly from the "double simultaneous transition" using 
He-Ne laser excitation at 632.8 nrn. Evans and Tucker14 find 
the quantum yields of photo-oxygenation of 9,10-
dimethyl anthracene and tetraphenylcyclopentadiene are 
twice as high for absorption of a photon in the "double si
multaneous transition" as for the direct excitation of a single 
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1 Ag state. Modification of Eq. (15) to account for the direct 
excitation by replacing c/1t. by n= 1 or 2 for excitation at 1065 
nrn or 633 nm, respectively, gives 

(34) 

and plots of c/1 ~ 1 vs [ A] -1 can be used to give f~ and f3 A 

values. 
Matheson et at. 11 13,35,51,52 have obtained -experimental 

pseudo first order rate constants for the disappearance of 
various substrates while directly producing 1 0i' (1 tl. g) with a 
CW Nd YAG laser. Since the absorption involves the process 

2 302(3!;, 3I;) + h v-+10;(1 Ag) + 302(3I;) 

Eq. (14) has been modified by them to give 

d[A) OE[a2]2k~[A] 

dt kd+ kA(A]+ko2(02J ' 
(35) 

where E is the laser intensity and (]' the absorption cross 
section for double photon absorption. At high oxygen con
centration where ko,[ 02]~(kd+ kA[A)) the observed 
first order rate constant kl is given by 

OE[02Jk~ 
kl = . (36) 

Thus from a knowledge of 0', E, and [02J values of k~ 
relative to k02 can be obtained. In the presence of a singlet 

oxygen quencher at relatively high concentrations and a sub
strate A' 

(37) 

and a plot of ([a? 1Ik1 ) vs ([Ql!rO?l) will have a slope/ 
intercept=kQ/ko

2 
• 

Values obtained using this method have often been sub
stantially lower than those given by other workers. Accord
ing to Matheson51

,52 this was due, partially at least, to an 
artifact with the over depletion of the acceptor concentration 
in the laser beam cross section so that the observed chemical 
reaction rate may be affected by diffusion of unreactive ac
ceptor into the depleted region. Thus values for k~ deter
mined in this way published prior to 1977 may be low by up 
to an order of magnitude and have been omitted from this 
compilation. 

6. First Order Rate Constants for the 
Decay of Singlet Oxygen in 

Various Solvents-Comments on Table 1 

Tab1e ] contains decay rates of singlet oxygen in 145 sol
vents and solvent mixtures. Many of the data have been re
ported as lifetimes (T), the reciprocal of the decay rate, which 
have been tabulated. The decay rate (kd) column contains 
reported vaJues as well as values calculated from lifetimes. 
The values in both columns are rounded to two significant 
figures. When the data were reported with one significant 
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figure, or when the quoted error exceede~ 20%, only one 
~ignificant figure is given. The Method, Comment" and Ref
{~,.ence columns (see Secs. 7.2.4-7.2.6) provide details of the 
measurements. Only data obtained by time-resolved methods 
have been included except for solvents where no such mea
surements have been reported but where estimates have been 
made from steady-state measurements. 

The data for each solvent are listed in reverse chronologi
cal order, so that the most recent 'entries appear first. It is 
apparent from Table 1 that kd values. tend to decrease with 
year of publication especially for solvents with values <102 

S-I. For such solvents the presence of impurities including 
water and high concentrations of sensitizers can give inaccu
rate values; It is likely that the lower the kd values the higher 
the accuracy. Usually there is good agreement between dif
ferent authors for kd values> 103 

S-l. 

The lifetime of singlet oxygen shows an enormous solvent 
dependence, including a large isotope effect, and variations 
over almost five orders of magnitude from a few microsec
onds in water to hundreds of milliseconds in carbon tetra
chloride. The reason for this is that the nonradiative deacti
vation is essentially a bimolecular energy transfer reaction 
between 0; (1 Ll g) and the solvent molecules which thereby 
become vibrationally excited. The first interpretation by Mer
kel and Kearns32 that the electronic vibrational energy trans
fer was a dipole resonance transfer has been replaced by an 
exchange transfer mechanism following important contribu
tions by Schuster et aI., 27,53 Rodgers,54 and Schmidt 
et al. 55-58 The bimolecular rate constant for solvent deacti
vation ksol can be obtained from 

where ko is an intrinsic molecular rate constant probably 
equal to k ap, the rate constant for radiative decay, and [sol] 
represents the concentration of the solvent in mol L -1 calcu
lated from the density and the molecular weight of the sol
vent; ksol can be shown to depend on the availability of high 
energy X-Y, especially C-H and O-H, vibrations in the 
molecule. Thus several workers have shown that 

where Nxy is the number of times a particular X-Y bond 
occurs in the molecule. In this way values for kxv have been 
calculated, which can be used to calculate ksol values for 
solvents for which values of kd have not been experimentally 
determined. Since kap varies from 0.1 to 3 s-l, ko is often 
negligible compared with ksol[sol], but for solvents contain
ing no high energy vibrations values of kap have been used 
by Schmidt to obtain kxy values from kD' for example in 
CCl4 and CS2 which show the lowest values for kD . 

We made several attempts to calculate kxy values from the 
kd values in Table 1 which includes solvents with C-H, 
C-D, C=O, O-H, O-D, C=N, C-F, C-Cl, C-Br, C-I, 
C=S, and S=O bonds. We used the formula 

kd/[sol] = 2: Nxykxy 
Xy 

as the basis for a least squares fitting of the measured values 
of kd to obtain a set of values for kxy . The procedure resulted 
in negative values for some parameters and statistical uncer
tainties for many that were larger than the value of the pa
rameter. Restricting the data set, for example by eliminating 
solvents containing halogens, deuterium and sulfur and mea
sured values which deviated significantly from the average, 
did not eliminate this problem. Separation of C-H bonds 
into classes (CH3 , CH2 , CH, cycloalkyl, aromatic) and per
haps other X-Y bonds as well, and the selection of standard 
kd values appear to be crucial to establishing a set of kxy 
values. 

7. Second-order Rate Constants for 
Reactive and Physical Quenching of 

Singlet Oxygen by Various Substrates
Comments on Tables 2-17 

7.1. Scope of the Compilation 

Second-order rate constants for quenching of singlet oxy
gen are given in 16 tables containing 4683 ~eparate eIltr1e~ 
for 1915 substrates. The data have been extracted from the 
literature published through 1993. The papers have been se
lected from the bibliographic database of the Radiation 

,Chemistry Data Center and from citations in those papers. 
Data reported by the same author(s) which have been clearly 
superseded have been omitted. For some well-studied sys
tems many independent measurements have been made; all 
reported values have been included allowing the user to 
make comparisons based on method, similarity of values, 
etc. Data from dissertations and conference papers have been 
included only if no other measurements for the substrate in 
that solvent have been reported. The authors would welcome 
having our attention drawn to any data which have been 
missed. 

7.2. Arrangement of Tables 

Each table includes related groups of compounds, e.g., 
olcfins, aromatic hydrocarbons, phenols, ctc. In some cases 
choices were made based on functionality, for example ty
rosine and its peptides are in Table 4 with phenols instead of 
Table 10 (amino acids and peptides). Benzopyranols (such as 
tocopherol) are in Table 4 (phenols) instead of Table 5 
(furans and pyrans). Cysteine and methionine and their de
rivatives are in Table 11 (sulfur compounds), not Table 10 
(amino acids). 

Within each table the various substrates are arranged al
phabetically by name, given an entry number which includes 
the table number (2.1, 2.2, etc.) and within each entry the 
arrangement is by solvent. Inverted names have been used as 
headings whenever possible so that substituted anthracenes, 
porphines, phenols, etc. are grouped. Systematic names have 
been used in most cases, otherwise, common names have 
been given. An index of chemical names and synonyms and 
a molecular formula index follow the tables (Secs. 13 and 
14) and refer to the entry numbers in Tables 2-17. 
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7.2.1. Solvent 

Data in each entry are grouped by solvent and listed in 
reverse chronological order of the year of publication. The 
Solvent column gives the solvent or mixture of solvents with 
the proportions (volume:volume). Micellar systems are la
belled (mic), and the surfactant present is given in the Com
ment. When water or D20 is the solvent the pH or pD is 
given, if reported. If the reaction was studied over a range of 
pH values and the k derived for a particular ionic form of the 
substrate no pH is given in the Solvent column and the pH 
range is given in the Comment column. 

7.2.2. Rate Constants (k) and Beta (kd/k) Values 

The rate constants in the second column are for total 
quenching by chemical reaction and/or physical quenching, 
k= "-t + kq, except where separate reactive quenching (kr) and 
physical quenching (kq) rate constants have been measured. 
It may be known from other studies that a particular sub
strate interacts with singlet oxygen totally by chemical reac
tion (f~ = 1) or totally by physical quenching; an example 
of the latter is azide ion. We have, however, only provided 

. the labels kr and kq when a method was used which made the 
distinction. Values of f3 which have been reported are listed 
in the third column. When the ratio is kikr the label f3r is 
used. 

Values of k and f3 have been rounded to two significant 
figures unless they were given to only one significant figure 
by the authors. The authors' error limits have been omitted; 
when the reported error is greater than 20% the values have 
been given to one significant figure. Upper or lower limits 
have been given to only one significant figure. 

7.2.3. Temperature 

Temperatures in Kelvin are listed whenever they have 
been reported. When the information has not been reported it 
is assumed that the temperature is ambient. If the study has 
been carried out over a range of temperatures the range is 
given in the Comment column. 

7.2.4. Method 

The Method column describes the method by symbols 
(see Sec. 9) representing the excitation technique, the mea
surement technique, and the equation numbers given in the 
previous sections which have been used for analyzing the 
data. For example, PLlLd-2 represents the pulsed-laser 
luminescence-decay technique and refers to Eq. (2). If two 
measurement techniques or equations were used the symbols 
are combined. For example, CP/Oc,Ac-17 indicates that ex
citation was by continuous photolysis, oxygen consumption 
(Oc) and substrate consumption (Ac) were measured, and the 
rate constant was derived using Eq. (17). 

7.2.5. Comment 

Some details of the determination are given in the Com
ment column. Abbreviations and symbols are listed in Sec. 9 
for chemical species which have been used as photosensitizer 

(S) or reference substrate (A'). The source of the 10; is 
given when it was generated in a chemical reaction. Values 
for kc! which have been used by the author to calculate k from 
f3 (kd/k) are given. The reader is referred to Table 1 to com
pare these values with the various measured values of kd for 
a particular solvent. In some cases values of f3 A' for the 
reference substrate have been used to calculate f3 (or to cal
culate k also using a value of kd) and those values are given 
in the Comment. Data are available for some substrates only 

as ratios with a reference substrate (e.g., k~/k~/). When a 
value for the rate constant for the reference substrate has 
been used by the author(s) to calculate k, the reference value 
which was used is given in the Comment column. When rate 
constants have not been calculated by the authors the ratios 
are given in· the Comment column and no value appears in 
the k column; the ratios have been rounded to two significant 
figures. Since ratios of rate constants refer equally to both 
substrates, the reference substrates (A') have been included 
in the Chemical Name Index (Sec. 14) with the entry num
ber(s) in which ratios of rate constants with another substrate 
are present or can be derived. For example, Acetone azine 
appears in Table 15 (entry 15.3) but rate constants for an
other substrate relative to kr for acetone azine are found in 
entry 2.40. There is no entry in the tables for 9-Acetyl-
2,3,4,9-tetrahydrocarbazole but relative data are fo~nd in en
tries 6.2, 6.3, 6.10, 6.14, 6.18, and 6.19. 

Other data are included when they have been reported: 
activation energy (Ea), activation volume (~ V*), enthalpy of 
activation (D-.H*), entropy of activation (D-.S*), along with the 
temperature or pressure ranges of the study. For some entries 
where product appearance (Pa) was measured the products 
have been given. 

7.2.6. References 

The rate constants have been compiled from more than 
700 references which are identified in the Reference column 
by codes from the Radiation Chemistry Data Center Biblio
graphic Database. The first two characters of the reference 
code represents the year of publication. The complete refer
ences to Tables 1-17 are listed in Sec. 12 which follows the 
tables. 

8. Mechanism of Quenching 

Two recent reviews1
,2 discuss bimolecular processes of 

singlet molecular oxygen in detail. Most results can be ex
plained in terms of exciplex formation followed by compet
ing reactions involving energy transfer (ET), charge transfer 
(CT) or chemical reaction as shown. 

kET 
~3Q*+02eI;) 
kcr 

10;( l~g)+Q ~l[QO+ ... og-J ~lQ+02eI;) 
kr 

~Products. 
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It is well established that quenching of singlet oxygen 
arises from chemical reaction and/or physical quenching or a 
combination of both. Physical quenching due to the spin al
lowed electronic energy transfer process 

10ie ~g) + 1Q--*3Q* + 02eI;) 

has been demonstrated to occur by direct observation of the 
triplet state of the quencher, e.g., in the case of various 
carotenes.37 This type of quenching is diffusion eontrollen 

when the triplet energy of the quencher lies below 94 kJ 
mol-1 and has been proposed as the mechanism of quench
ing to account for the high efficiency of quenching of singlet 
oxygen by certain dyes and several coordination com
plexes.59,60 Quenching of singlet oxygen by electronic en
ergy transfer is the reverse of reaction 11 which is likely to 
be a limiting factor for finding sensitizers absorbing in the 
red for use in photodynamic therapy.61 Physical quenching of 
singlet oxygen as discussed in Sec. 6, also arises as a result 
of electronic to vibrational energy transfer, where the 
pseudo-first order decay constant in a particular solvent de
pends on the availability of high energy vibrations for ex
ample O-H and C-H vibrations in the solvent molecule. 
This kind of process is obviously possible for all substrates 
but is often much less efficient than physical quenching re
sulting from charge transfer interactions. 

Physical quenching resulting from favorable charge trans
fer interactions was first demonstrated with various 
amines.62,63 This type of quenching may be represented as 
follows: 

10i(lflg)+ lQ +=1[Q8+ . .-.O~-] 

--* 3[ Q8+ 08-] 
~ ••. 2 

--*1Q+ 02eI;). 

If the charge transfer complexes shown above are able to 
dissociate to give separated ions this constitutes chemical 
quenching, although the production of 02" (superoxide) has 
only been demonstrated for highly polar solvents such 
as water and with compounds with exceptionally low ioniza
tion potentials such as N, N, N', N' -tetramethyl-p-phenyl
enediamine.64 The temperature dependence of the rate con
stants observed65 for singlet oxygen quenching by strychnine 
and DABCO in toluene has established complex formation 
during the quenching process. The efficiency of quenching 
by . amines increases when the ionization potential of the 
amine decreases, which is also the case for quenching by 
phenols and sulfides which give similar Hammett plots.66,67. 
Quenching by amines, phenols and, sulfides shows varying 
amounts of chemical reaction. 

Chemical reactions of singlet oxgen have been discussed 
in detail in a number of reviews.68- 72 Alkenes react to form 
hydroperoxides, 1,2-dioxetanes, and elldoperoxides, which 
are often produced in the case of other substrates, for ex
ample in the case of aromatic hydrocarbons, furans, etc. Re
cent research 73,74 has revealed that intermediates exist along 
the reaction coordinate and there has been much speculation 
concerning the nature of these intermediates~ Since it is 
known that tryptophan is one of the main targets when 
0i (1 ~ g) reacts with protein 75,76 there. has been considerable 

interest in studying rate constants for reaction of singlet ox
gen with tryptophan in a variety of solvents. As with many 
other amino acids 77 reactive quenching only accounts for 
part of the total quenching of singlet oxygen observed. It has 
been shown 78 that singlet oxygen causes single-strand breaks 
in DNA and that guanine is the nucleoside base from which 
oxidative products are derived. As with all substrates it is 
important to establish that particular products arise as a result 
of reaction!'; of !,;inglet oxygen. It is hoped that this compila
tion will help with establishing the importance of singlet 
oxygen reactions in the photodegradation of dyes, pigments, 
polymers, etc, as well as in harmful and/or beneficial photo
oxidations in biological systems. 

9. List of Abbreviations and Symbols 

Excitation Methods 

CL continuous laser photolysis 
CP continuous photolysis 
CR chemical reaction 
FP flash photolysis 
MD microwave discharge 
MP modulated photolysis 
PL pulsed laser photolysis 
PR pulsed radiolysis 

Measurement Methods 

Ac substrate consumption under steady-state condi
tions 

A' c reference substrate consumption under steady-
state conditions 

Ad time resolved substrate disappearance 
A'd time resolved reference substrate disappearance 
ped triplet beta-carotene decay as a probe for singlet 

oxygen decay 
Ld luminescence decay 
LI luminescence intensity under steady-state condi

tions 
Oc oxygen consumption under steady-state condi

tions 
Pa product appearance under steady-state conditions 
P' a product appearance (from reference substrate) 

under steady-state conditions 
Pb time-resolved product buildup 

P'b time-resolved product buildup (from reference 
substrate) 

Th time-resolved thermal buildup 

Other Symbols 

A primary substrate 
A' reference substrate 
A" second reference substrate 
f3 beta value including both f3q and f3r 
f3q beta value for physical quenching of 102' 
f3r beta value for chemical reaction 
Ea activation energy 
~.J{+ enthalpy of activation 
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d,S* entropy of activation 
Ll V* activation volume 
f~ fraction of 10:! quenched by A which reacts 
k rate constant including both kg and kr 
k A rate constant for primary substrate, including 

both kg and kr 
kA , rate constant for reference substrate, including 

both kg and kr 
kd first-order decay rate of singlet oxygen in solvent 
ktJ. first-order decay rate of singlet oxygen for 

[S]~O 

kQ rate constant for reference substrate which is a 
physical quencher 

kg rate constant for physical quenching of 10i 
kr rate constant for chemical reaction of 10:! 
ks rate constant for reaction of 101' with sensitizer 
mic micelles 
P product of primary substrate 
P' product of reference substrate 

<PtJ. quantum yield of singlet oxygen formation 
<Pisc quantum yield of intersystem crossing 
<Pox quantum yield of oxidation of substrate 
Q reference substrate which is a physical quencher 
r ox . rate of oxygenation 
S sensitizer 
ves vesicles 

Sensitizers, Reference Substrates, and Medium Components 

Ac Acridine 
2-ACN 2-Acetonaphthone 
ADC Anthra[I,9-bc:4,10-b' c'Jdichromene 
ADPA 9,10-Anthracenedipropionate ion 
AES Anthracene-9,10-bis(ethanesulfate ion) 
AlCI(tspc) Chloroaluminum(III) sulfophthalocyanine 
An Anthracene 
AnS ·Anthracenesulfonate 
AOT Di(2-ethylhexyl) sulfosuccinate 
azine 2-Pivaloy 1-4-phcnyl-6-diethy lamino-8-methy 1-

quinoxal-3-one 
Azo dye 10 N-[3-(Aminosulfonyl)phenyIJ-3-[(3-cyano-

5-hydroxy-l-phenylpyrazol-4-yI)azoJ-4-

BA 
BChl 
BDX 
BHMF 
BHT 
Biph 
BP 
BR 
Brij 35 
BuOH 
BXP 
Car 
CHD 
ChI 
Chr 
Cor 

methoxybenzenesulfonamide 
1,2-Benzanthracene 
Bacteriochlorophyll 
Benzo[1,2,3-kl :4,5,6-k' I' ]dixanthene 
2,5-Bis(hydroxymethyl)furan 
2,6-Di-tert-buty 1-4-methy lphenol 
Biphenyl . 
Benzophenone 
Bilirubin 
Polyoxyethylene(23) dodecyl ether 
Butanol 
Benoxaprofen 
all-trans-Carotene 
Cyclohexadiene 
Chlorophyll 
Chrysene 
Coronene 

CQ 
CTAB 
CTAC 
CuTCPc 
DAB CO 
DAP 
DBrA 
DCA 
DeJA 
DDAB 
DDM 

DLPC 
DMA 
DMAA 
DMA02 

DMBA 
DMDPA 
2,5-DMF 

DMF 
DMHD 
DMNOz 
DNT 

DODAC 
DPA 
DPB 
DPBF 
DPF 
DPPC 
DTAC 
Eos 
Ery 
ES 
BtOH 
FFA 
Fl 
F12-

FlN2 
FMN 

Camphoroquinone 
Hexadecyltrimethylammonium bromide 
Hexadecy ltrimethy lammonium chloride 
Copper(II) tetracarboxyphthalocyanine 
1,4-Diazabicyclo[2.2.2 ]octane 
Dodecy lammonium propionate 
9,10-Dibromoanthracene 
9,10-Dicyanoanthracene 
9,10-Dichloroanthracene 
Didodecyldimethylammonium bromide 
Diazodiphenylmethane [1,1' -(Diazomethylene) 
bisbenzene] 
Dilauroyl phosphatidylcholine 
9,10-Dimethylanthracene 
N ,N-Dimethylacetamide 
9,10-Dimethylanthracene endoperoxide 
9,10-Dimethyl-1 ,2-benzanthracene 
1,4-Dimethoxy-9,10-diphenylanthracene 
2,5-Dimethylfuran 

N ,N-Dimethylformamide 
2,5-Dimethyl-2,4-hexadiene 
l,4-Dimethy Inaphthalene 1,4-endoperoxide 
1,8-Dinaphthalene thiophene 
(Diacenaphtho[1,2-b:1' ,2' -d]thiophene) 

Dioctadecyldimethylammonium chloride 
9,10-Dipheny lanthracene 
1,4-Diphenyl-1,3-butadiene 
1,3-Diphenylisobenzofuran 
2,5-Diphenylfuran 
Dipalmitoyl phosphatidylcholine 
Dodecy ltrimethy lammonium chloride 
Eosin (Tetrabromofiuorescein) 
Erythrosin (Tetraiodofiuorescein) 
Ergosterol 
Ethanol 
Furfuryl alcohol 
Fluorene 
Fluorescein 
9-Diazofluorene 
Flavin mononucleotide (Riboflavin-5' -phos
phate) 

GaCI(tspc) Chlorogallium(III) sulfophthalocyanine 
GV Gilvocarcin V 
HA Hypocrellin A 
HCD Heterocoerdianthrone 
3-HF 3-Hydroxyflavone 
His Histidine 
HP Hematoporphyrin 
HPD Hematoporphyrin derivative 
HYP Hypericin 
1m Imidazole 
InH Indole 
MB Methylene Blue 
2M2B 2-Methyl-2-butene 
MC 540 Merocyanine 540 
MCH Methy1cyclohexane 
MDH Mesodiphenylhelianthrene 
MeOH Methanol 
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Met Methionine 
M NP02 4-Methyl-l-naphthalenepropionate endoperoxide 
S~MOP 8-Methoxypsoralen 
M P Mesoporphyrin 
2M2P 2-Methyl-2-pentene 
MPDME Mesoporphyrin dimethyl ester 
NAZ Nitrazepam 
NDP02 1,4-Naphthalenedipropionate endoperoxide 
N MTA N-Methy lthioacridone 
Np Naphthalene 
NT2 Octaethylpurpurin ethyl ester 
'"octane 2,2,4-Trimethylpentane 
OMAPB 2-Methylacetophenone biradical 
PBA I-Pyrenebutyrate ion 
PBN Phenyl-N-tert-butylnitrone 
I)EO Polyethylene oxide 
Per Perylene 
Ph Pheophytin 
Phen Phenanthrene 
PHO Phenalen-l-one 
Poly-RB Polymer supported Rose Bengal 
PP Protoporphyrin 
PPDME Protoporphyrin dimethyl ester 
PrOH Propanol 
PrPor 2,7,12,17-Tetrapropylporphycene 
Pso Psoralen 
Pt(DHBA) (DPA) Platinum(II) (3,4-dihydroxybenzoate) 

(2,2' - dipyridylamine) 
Pt(phen)(BCAT) Platinum(II) (1,10-phenanthroline) 

(tert-butylcatechol) 
Pt(phen) (CAT) Platinum(II) (1,10-phenanthroline) 

(catechol) 
Pt(phen) (DMT) Platinum(II) (1,10-phenanthroline) 

(3 ,4-dimercaptotoluene) 

PTSA 
Pur 
py 
Py 
Pz 
RB 
RBCE 

Ret 

Pyrenetetrasulfonate ion 
Purpurin 
Pyridine 
Pyrene 
Phenazine 
Rose Bengal (Tetrachlorotetraiodofluorescein) 
Rose Bengal complexed with dicyclohexyl-
18-crown-6 
all-trans-Retinal 

RF Riboflavin 
RF(OAc)4 Riboflavin tetraacetate 
Rub Rubrene (5,6,11,12-Tetraphenylnaphthacene) 
Rubi - Rubicene (Benz[ a ]indenol[ 1 ,2,3-hi]acean

thrylene) 
SDS Sodium dodecylsulfate 
SiNe Bis( tri-n-hexy lsiloxy )-(2,3-naphthalocyaninato) 

silicon 
TAN 2,2,6,6-Tetramethylpiperidone-l-oxyl 
TEMP 2,2,6,6-Tetramethylpiperidine 
TEMPO 2,2,6,6-Tetramethylpiperidin-l-oxyl 
TEMPOH 2,2,6,6-Tetramethylpiperidin-l-01 
TEMP-4-0H 2,2,6,6-Tetramethylpiperidin-4-o1 
Tetr Tetracene (Naphthacene) 
Th Thionine 
THF Tetrahydrofuran 
TMDT 2,6,lO-Trimethyl-2,6,lO-dodecatriene 
TME 2,3-Dimethyl-2-butene (Tetramethylethylene) 
T(m-HOP)P Tetra(3-hydroxyphenyl)porphyrin 
TMS a,/3,/3-Trimethy I styrene 
TPBC trans-Tetraphenylbacteriochiorin 
TPP Tetraphenylporphyrin 
H2 TPPS4- Tetra( 4-sulfonatophenyl)porphyrin 
Triton X-IOO Polyoxyethylene(10)4-(1,1,3,3-tetramethyl-

butyl)phenyl ether 
TTMPP Tetra(3,4,5-trimethoxyphenyl)porphyrin 
TTT Terthiophene 
UP Uroporphyrin I 
VD3 Vitamin D3 
Zn(pc) Zinc(II) phthalocyanine 
Zn(pc)(py}z Zinc(II) phthalocyaninebis(pyridine) 
Zn(tspc) Zinc(II) sulfophthalocyanine 
ZnTPP Zinc(II) tetraphenylporphyrin 
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TABLE 1. Decay constants for singlet oxygen in various solvents. 

No. Solvent kd 't (llkd) Method Comment Ref. 
(S-1) (s) 

1.1 Acetone 

2.0 x 104 5.1 X 10-5 PULd-2 S=MB, TPPorPHO. 92E256 

1.9 x 104 S.4 X 10-5 PULd·2 S = HVD and PPDME. 92E274 

2.6 x 104 3.8 X 10-5 PULd-2 S=RB. 89E324 

2.3 x 104 4.3 X 10-5 PULd-2 S=TPP. 89E324 

2.4 x 104 4.1 X 10-5 PULd-2 S=MB. 89E700 

2.2 x 104 4.6 X 10-5 PULd·2 S=RB. 89E700 

2.1 x 104 4.8 X 10-5 PULd-2 S=HP. 89E700 

2.0 x 104 PULd·2 S=Ac. 87E466 

1.8 x 104 5.5 X 10-5 PULd-2 S=An. 87E668 

2.1 x 104 4.7 X 10-5 PULd·2 S=An. 87E959 

2.5 x 104 4.0x 10-5 PUTh-3 S=An. 85E591 

2.1 x 10" 4.7 X 10-5 PUTb-3 S=ZnTPP. 8.5E.591 

2.0 x 104 5.0x 10-5 PULd-2 S=2-ACN. 84E066 

4.0 x 104 2.5 X 10-5 PUTb-3 S=Ery. 83 A050 

3.3 x 104 3.0 x 10-5 f'UTb-3 S=TPP. 83A050 

2.0 x 104 5.0x 10-5 PULd-2 S=HPDME. 83A223 

2.1 x 104 4.7 X 10-5 PULd-2 S = MPDME; no change in kat T = 192 to 295 83E235 
K. 82EI06 

2.0x 104 5.1 x 10-5 PULd-2 S == Sulfo- and carboxyanthracenes. . 83E844 

2.2 x 104 4.6 X 10-5 PULd-2 S==MPDME. 83F196 

2.8 x 10d 3.6 X 10-5 PUAt.l-8 S = An; A = DPBF. 82A349 

2.6 x 104 3.9 X 10-5 PULd-2 S=MB. 82EI04 

2.5 X 104 4.0 x 10-5 PULd-2 S=RB. 82EI04 

2.0 X 104 5.1 X 10-5 PULd-2 S=TPP. 82EI04 

1.5 x 104 6.5 X 10-5 PULd-2 S=HP. 82EI05 

2.6 x 104 3.9 X 10-5 CPILI-12 S = Benz[de]anthracen-7-one, phenalenone or 82E329 
fluorenone; reI. to kd = 4.0 X 104 S-1 in 
benzene. 

1.8 x 104 5.5 X 10-5 PUAd-5 S = 2-ACN; A == DPBF; cor. fOfks. 81A287 

2.0 X 104 5.1 X 10-5 PULd-2 S=PdMPDME. 81E398 
83E818 
79E846 

2.0 x 104 5.0x 10-5 PULd-2 S==TPP. 81E631 

2.4 x 104 4.2 X 10-5 PUAd-8 S MB,A DPBF. 76F903 

4 X 104 3 X 10-5 PUAd-S S == MB, A = DPBF. 727260 

1.2 Acetone-d6 

1.0 X 103 9.9 X 10-4 PULd-2 S = MB, TPP or PHO. 92E256 

1.6 x 103 6.4 x 10-4 PULd-2 S RB; varied [S] and extrapolated to [S] = O. 89E324 

8.2 x 103 1.2 X 10-4 PUTb-3 S An. 85E591 

1.7 X 103 5.8 X 10-4 PULd-2 S:::; HPDME. 83A223 

1.2 X 103 8.6 X 10-4 PULd-2 S MB, RB or TPP. 83E398 

2.6 X 103 3.9 X 10-4 PULd-2 S PdMPDME. 83E818 

1.2 x 103 8.4 X 10-4 PULd-2 S HP. 82E105 

1.4 x 103 6.9 X 10-4 PULd-2 S=MPDME. 82EI06 
83E235 

1.3 X 103 7.7 x 10-4 CP/Ll-12 S = Benzl de )anthracen-7 -one, phenalenone or 82E329 
fluorcnone; reI. to kd = 4.0 X 104 S-1 in 
benzene. 

1 X 103 8 X 10-4 PUAd-5 S = 2-ACN: A = Rub; cor. for ks. 81A287 
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TABLE 1. Decay constants for singlet oxygen in various solvents. Continued 

No. Solvent kd 't Od'd) Method Comment Ref. 
(8-1) (8) 

1.3 Acetonitrile 

1.4 x 104 7.1 X 10-5 PULd-2 S=DCA. 93A244 

1.3 x 104 7.7 x 10-5 PULd2 S=Ac. 93A2IJ4 

1.4 x 104 PULd-2 S = Chr; rate decreased linearly with magnetic 93E183 
field strength, by 4-7% at 21kG. 

1.6 x 104 6.0 X 10-5 PULd-2 S = Ru(bpy):/+. 92A095 

1.3 x 104 7.7 X 10-5 PULd-2 S = MB, TPP or PHO. 92E256 

1.3 x 104 8.0x 10-5 PULd-2 s= I-MeNp. 91E297 

1.3 x 104 PULd-2 S=Ac. 89A099 

1.3 x 104 7.5 X 10-5 PULd-2 S = OMAPB; extrapolated to zero laser dose. 89A241 

1.2 x 104 8.3 X 10-5 PULd-2 S = RB or H2 TPPs4-. 89A322 
93U041 

3.0 x 104 3.3 X 10-5 PUTh-3 S = (C6H5hCO. 89E232 

1.8 x 104 5.5 X 10-5 PULd-2 S=RB. 89E324 

1.7 x 104 6.0 X 10-5 PUTh-3 S=Ac. 88Z155 

1.5 x 104 6.7 X 10-5 PULd-2 S = Np, Biph, or Fi. 87E234 

1.2 x 104 PULd-2 S=Ac. 87FA66 

1.8 x 104 5.5 x 10-5 PULd-2 S=An. 87E668 

1.2 x 104 . 5 
.8.7 x 10- PULd-2 S = RB; from high intensity photolysis; M = 87F333 

102*, 
1.9 X 104 5.4 X 10-5 PULd-2 102* from 9,10-diphenylanthracene 86F337 

endoperoxide. 

2.1 x 104 4.8 X 10-5 PUTh-3 S=An. 85E591 

1.8 x 104 5.6 X 10-5 PULd-2 S=2-ACN. 84E066 

2.8 x 104 3.6 X 10-5 PUTh-3 S=Ery. 83A050 

1.7 x 104 5.8 X 10-5 PULd-2 S HPDME. 83A223 

1.6 x 104 6.4 x 10-5 PULd-2 S=MPDME. 83F196 

2.9 x 104 3.5 x 10-5 PUAd-8 S=An; A=DPBF. 82A349 

1.6 x 104 6.1 X 10-5 PULd-2 S=RB. 82EI04 

1.5 x 104 6.8 x 10-5 PULd-2 S=MB. 82EI04 

1.8 x 104 5.4 X 10-5 PULd-2 S=MPDME. 82EI06 
83E235 

1.7 x 104 5.8 x 10-5 CPILI-12 S = Benz[de]anthracen-7-one, phenalenone or 82E329 
fluorenone; ret to kd = 4.0 x 104 s-1 in 
benzene. 

1.1 x 104 9.2 X 10-5 PUAd-5 S = 2-ACN; A = DPBF; cor. for ks. 81A287 

1.8 x 104 5.7 x 10-5 PUAd-8 S =MB,A = DPBF. )6F903 

3 x 104 3 X 10-5 PUAd-5 S MB,A DPBF. 727260 

1.4 AcetonitrileIWater (50:50) 

6.7 x 104 1.5 X 10 5 PULd-2 S = 9-Anthracenemethanol. 931:'U09 

4.5 x 104 2.2 X 10-5 PULd-2 S=RB. 93R059 

1.5 Acetonitrile-d3 

9.0 x 102 1.1 x 10-3 PULd-2 S=Chr. 93E183 

8.2 x 102 1.2 x 10-3 PULd-2 S = RB or H2 TPPs4- 89A322 
93U041 

6.7 x 102 1.5 X 10-3 PULd-2 S=PZ. 89E597 

1.7 x 103 6.0x 10-4 PULd-2 S = RB; from high intensity photolysis; M = 87F333 
102*, 

9.3 x 103 1.1 X 10-4 PUTh-3 S=An. 85E591 

1.6 x 103 6.2 X 10-4 PULd-2 S=HPDME. 83A223 
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TABI.!' I. Ik,';I\ \.lIl·.I.lliI·, I,ll ',ll1)'.Il'l oxygen in various solvents. - Continued 

No. SoIvl'111 k" I ( I/k,l) Method Comment Ref. 
(s I) {s) 

1.5 Acetonitrile-d3 - Continued 

2.3 x 103 4.4 X 10-4 PULd-2 S = MB, RB or TPP. 83E398 

1.7 x 103 6.0 x 10-4 PULd-2 S=MPDME. 82EI06 
83E235 

1.1 x 103 9.5 x 10-4 CPILI-12 S = Benz[de]anthraeen-7-one, phenalenone or 82E329 
ftuorenone; reI. to kd = 4.0 x 104 

S-1 in 
benzene. 

8 x 102 1 X 10-3 PUAd-5 S = 2-ACN; A = Rub; cor. for ks. 81A287 

1.6 Acetophenone 

3.8 x 104 PUAd-5 S=MB; A=DPBF. 83A371 
83A006 

1.7 Benzene 

3.2 x 104 3.1 x 10-5 PULd-2 S = TPP; ~ V* = -8.3 ern3 mol-I; studied from 93A0l7 
0.1 MPa to 250 MPa. 

3.3 x 104 3.0x 10-5 PULd-2 S=Ae. 93A244 

3.3 x 104 3.0 X 10-5 PULd-2 S=Chr. 93E183 

3.3 x 104 3.0 X 10-5 PULd-2 S = MB, TPP or PHO. 92E256 

3.3 x 104 3.0 X 10-5 PULd-2 S=TPP. 92E555 

3.4 x 104 PULd-2 S=TPP. 92F251 

3.2 x 104 3.1 X 10-5 PULd-2 S= I-MeNp. 91E297 

3.3 x 104 3.0 X 10-5 PULd-2 S = Np, Pz and BP. 90A328 

3.2 x 104 3.1 X 10-5 PULd-2 S = Por. 90E374 

3.2 x 104 3.1 X 10-5 PULd-2 S=An. 90E400 

7.4 x 104 1.4 X 10-5 PULd-2 S=CHD. 89A235 

3.3 x 104 3.0 X 10-5 PULd-2 S=TPP. 89A322 
93U041 

3.9 x 104 2.6 X 10-5 PULd-2 S=Ac. 89E324 

3.2 x 104 3.1 x 10-5 PULd-2 S=TPP. 89E388 

3.1 x 104 3.2 X 10-5 PULd-2 S=TPP. 89E700 

-3.4 x 104 -2.9 X 10-5 PULd-2 S = (C6H5)2CO. 88E452 

3.2 x 104 3.1 X 10-5 PULd-2 S=TPP. 88F503 

3.3 x 104 3.0 X 10-5 PUTb-3 S = (C6H5)2CO. 88Z155 

3.0 x 104 3.3 x 10-5 PULd-2 S=TPP. 87E055 

3.1 x 104 3.2 x 10-5 PT iT .Ii-? S = Np, Rp, or Fl. 87E234 

3.3 x 104 PULd-2 S=Ac. 87E466 

3.3 x 104 3.0 X 10-5 PULd-2 S=An. 87E668 

3.6 x 104 2.g x 10-5 PULd 2 S=An. 87E959 

2.9 x 104 3.5 X 10-5 PULd-2 S = SiNC; reversible energy transfer with 87R032 
sensitizer proposed. 

4.1 X 104 PUAd-8 S = PP; A = DPBF. 85A124 

3.4 x 104 2.9 X 10-5 PUTb-3 S=ZnTPP. 85E591 

3.3 x 104 3.0 X 10-5 PUTb-3 S=An. 85E591 

3.2 x 104 3.1 X 10-5 PULd-2 S=2-ACN. 84E066 

4.0 x 104 PUAd-5 S = 2-ACN; A = DPBF. 84F005 

4.3 x 104 2.3 X 10-5 PUTb-3 S=TPP. 83A050 

3.2 x 104 3.1 X 10-5 PULd-2 S=HPDME. 83A223 

3.1 x 104 3.2 X 10-5 PULd-2 S = ME, RB or TPP. 83E398 

3.4 x 104 2.9 X 10-5 PULd-2 S=MPDME, 83F196 

3.7 x 104 2.7 X 10-5 PULd-2 S= MpnMI~, 82EI06 
83E235 

.1 Dhuc:. rh'lu'''' gAf n~t~ \/n! ?.d N" ? 1001:;, 
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TABLE 1. Decay constants for singlet oxygen in various solvents. - Continued 

No. Solvent kd 't (llkd) Method Comment Ref. 
(s-1) (s) 

1.7 Benzene - Continued 

3.5 x 104 2.8 X 10-5 PUAd-5 S = 2-ACN; A = DPBF; cor. for ks. 81A287 

3.3 x 104 3.0x 10-5 PULd-2 S=PdMPDME. 81E398 
83E818 
79E846 

4.0 x 104 PULd-2 S=An. 80A143 

3.7 x 104 2.7 X 10-5 PRlAd-5 S = Np, A = DPBF. 78E263 

4.1 x 104 PL/~Cd-ll S=An, Q=Car. 78F276 

3.7 x 104 2.7 X 10-5 PUAd-8 S=MB, A= DPBF. 76F903 

4.1 x 104 PL/~Cd-l1 S = An, Q = Car. 737438 

3.9 x 104 PUAd-8 S = An, A = DPBF. 737438 

4x 104 2 X 10-5 PUAd-5 S = MB, A = DPBF. 727260 

1.8 Bt:u£t:llt: (lllic) 

5.0 x 104 2.0 X 10-5 PUTb-3 S = Ery; reverse micelles contg. 0.04 mol L-1 83A050 
DAP and 0.1 mol L-1 water. 

1.9 HenzenelMethanol (80:20) 

4x 104 2.6 X 10-5 PUAd-8 S=MB, A= DPBF. 737014 

1.10 Benzene-d6 

1.7 x 103 5.9 X 10-4 PULd-2 S=Chr. 93E183 

1.3 x 103 7.8 x 10-4 PULd-2 S = C60 or C70. 93E301 

1.5 x 103 6.8 X 10-4 PULd-2 S = MB, TPP or PHO. 92E256 

1.5 x 103 6.5 X 10-4 PULd-2 S = Np, pz and BP. 90A328 

1.5 x 103 6.8 X 10-4 PULd-2 S=An. 90E400 

1.5 x 103 PULd-2 S=TPP. 89A331 

1.6 x 103 6.2 X 10-4 PRlLd-2 S=2-ACN. 89E113 

1.3 x 103 7.9x1O-4 PULd-2 S=TPP. 89E388 

1.3 x 103 7.7 X 10-4 PULd-2 S=Pz. 89E597 

1.6 x 103 6.3 X 10-4 PULd-2 S = Pur. 89R044 

2.6 x 103 3.8 X 10-4 PUTh-3 S=An. 85E591 

1.6 x 103 6.3 x 10-4 PULd-2 S=HPDME. 83A223 

1.4 x 103 7.0 X 10-4 PULd-2 S = MB, RB or TPP. 83E398 

3.2 x 103 3.1 x 10-4 PULd-2 S=PdMPDME. 83E818 

1.6 x 103 6.2 x 10-4 rULd-2 S -- Ccrco3porin. 83R123 

1.8 x 103 5.5 X 10-4 PULd-2 S=MPDME. 82E106 
83E235 

L5'X 103 6& 'X 10-4 Cpn.T-l? S = Rp.n7.[dp]::mthracen-7-one, phenalenone or R2E~29 

ftuorenone; reI. to kd = 4.0 X 104 S-l in 
benzene. 

1 x 103 1 X 10-3 PUAd-5 S = 2-ACN; A = DPBF; cor. for ks. 81A287 

2 x 103 7 X 10-4 PUAd-5 S = 3,6-Bis(dibutylamino)phenothiazinium 81A287 
bromide; A = Rub. 

2.8 x 104 3.6 X 10-5 PUAd-8 S = MB, A = DPBF. 76F902 

1.11 Benzene-dJBenzene (95:5) 

4.0 x 103 2.5 X 10-4 PULd-2 S = TPP. 89A322 
93U041 

1.12 Benzonitrile 

2.5 x 104 PULd-2 S = I\c. 87E466 

3.1 x 104 PUAd-5 S = A = Ruh; . 83F075 

..... ""'1. ___ - ...._~ ""_.a._ "_1 ~ .. "1_ " ~nn~ 
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TABLE 1. Decay constants for singlet oxygen in various solvents. - Continued 

No. Solvent kd 1: (llkd) Method Comment Ref. 
(S-l) (s) 

1.13 Bromobenzene 

2.4 x 104 4.2 X 10-5 PULd-2 S=TPP. 89E388 

2.0x 104 PULd-2 S=Rub. 87E466 

2.0 x 104 S.Ox 10-5 PULd-2 S = MD, RB orTPP. 8311398 

1.14 BromobenzeneIMethanol (80:20) 

4.3 x 104 2.3 X 10-5 PUAd-8 S = MB, A = DPBF. 737014 

1~15 Bromobenzene-ds 

7.4 x 102 1.4 X 10-3 PULd-2 S=TPP. 89E388 

1.2 x 103 &.1 x 10-4 PULrl-2 S = MB, RR or TPP. 83E398 

1.16 Bromoform 

5.9 x 103 1.7 X 10-4 PULd-2 S=PdMPDME. 81E398 
83E818 

2 x 104 5 X 10-5 PULd-2 S=PdMPDME. 79E846 

1.17 Bromopentafiuorobenzene 

46 0.022 MP/Ld-2 S=TPP. 89E388 

1.18 I-Bromopropane 

1 x 105 1 X 10-5 PU13Cd-ll S = An, Q = Car. 76F902 

1 x 105 8 X 10-6 PUAd-8 S=MB,A=DPBF. 76F902 

1.19 I-Butanol 

5.7 x 104 1.8 X 10-5 PULd-2 S=An. 87E668 

5.7 x 104 1.8 X 10-5 PULd-2 S=HPDME. 83A223 

5.2 x 104 1.9 X 10-5 PUAd-8 S = MB, A = DPBF. 737014 

1.20 2-Butanol 

6.2 x 104 1.6 X 10-5 PULd-2 S=RB. 89E324 

5.1 x 104 2.0 x 10-5 PULd-2 S=HPDME. 83A223 

1.21 2-Butoxyethanol 

-3.8 x 105 MD/Ac-33 A = Rub, Q = DABCO. Assumed kQ = 3.4 x 727319 
107 L morl s-I and kA = 7.0 X 107 L mol-l 

s-l; T= 273K. 

1.22 Butylbenzene 

4.0x 104 2.5 X 10-5 PULd-2 S = 02:solvent CT state. 90E220 

1.23 Carbon disulfide 

22 0.045 MPILd-2 S = MB, TPP or PHO; kd = 13 s-I for [02] S 92E256 
10-5 mol L- t . 

34 0.029 MPILd-2 S=TPP. 89A400 

29 0.034 MP/Ld-2 S=TPP. 87E658 

6.6 x 102 1.5 X 10-3 FPILd-2 S = Per. 82A322 

5 x 103 2 X 10-4 PUAd-5 S = MB, A = DPBF, kd cor. for 1 % MeOH 727260 
content. 

1.24 Carbon disulfideIMethanoJ (98:2) 

4.0 x 103 2.5 X 10-4 FP/Ad-5 S=MB,A=DPBF. 737334 
-:.t"-

1.2S Carbon tetrachloride 

17 0.059 MP/Ld-2 S = MB, TPP or PHO; kd = 7.8 s-1 for (021 S 92E256 
10-5 mol L -1. 

1.3 X 103 7.7 X 10-4 PULd-2 S=TPP. 89A322 
93U041 
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TABLE 1. Decay constants for singlet oxygen in various solvents. - Continued 

No. Solvent kd 't (lIkd) • Method Comment Ref. 
(s-1) (s) 

1.25 Carbon tetrachloride .:.- Continued 

36 0.028 FPILd-2 S = PdMP; very dilute soln. 88E018 

36 0.028 PULd-2 S=TPP. 88F503 

36 0.028 PULd-2 S=Pha. 88R193 

11 0.087 MPILd-2 S=TPP. 87E658 

1.0 x 103 1.0 X lO-3 PULd-2 S=An. 87E668 

36 0.028 PULd-2 S=TPP. 86F316 

1.1 x lO3 9.0x 10-4 PULd-2 S=TPP. 82EI04 

32 0.031 CPILI-12 S = Benz[de]anthracen-7-one, phenalenone or 
ftuorenone; reI. to kd = 4.0 X lO4 s-1 in 

82E329 

benzene. 

38 0.026 PULd-2 S=PdMPDME. 81E398 
79E846 

38 0.026 PULd-2 S=TPP. 81E631 

38 0.026 PULd-2 S = PdMPD~ or MPDME; decay at 1272 or 80E558 
1588 nm. 

36 0.028 PULd-2 S=Ret. 79F463 

1.26 Carbon tetrachlorideJMethanol (98:2) 

3.3 x 103 PUAd-5 S = MB; A = DPBF. 83AOO6 

3.2 x lO3 3.1 X 10-4 FP/Ad-5 S=MB,A=DPBF. 78E238 

1.27 Chlorobenzeoe 

2.3 x lO4 4.3 X lO-5 PULd-2 S=TPP. 89E388 

2.3 x 104 PULd-2 S=Ac. 87E466 

2.2 x 104 4.5 x lO-5 Pl/lil-2 S=An. 87E668 

2.2 x 104 PUAd-5 S=MB;A=DPBF. 83A371 
83AOO6 

2.0 x 104 5.1 X 10-5 PllLd-2 S = MB. RB or TPP. 83E398 

2Ax lO4 4.2 x lO-:I PULd-2 S=PdMPDME. 81E398 
83E818 

1.28 Chlorobenzene-ds 

8.3 x 102 1.2 X lO-3 PI.JLd-2 S = MB. RB or TPP. 83E398 

1.29 Chloroform 

4.4x 103 2.3 x lO-4 PULd-2 S = MB. TPP or PHO. 92E256 

6.0x 103 1.7 X 10-4 PULd-2 S = HVD and PPDME. 92E274 

4.0 x 103 2.5 X lO-4 PULd-2 S=TPP. 90E731 
92R076 

3.8 x lO3 2.6 X lO-4 PULd-2 S=TPP. 89E700 

5.0 x 103 2.0x lO-4 PUTh-3 S=PZ. 88Z155 

4.0 x 103 2.5 X 10-4 PULd-2 S=An. 87E668 

1.6 x lO4 6.2 x lO-5 PUTh-3 S=TPP. 83A050 

4.0 x 103 2.5 X lO-4 PULd-2 S = MB, RB or TPP. 83E398 

6.3 x 103 1.6 X 10-4 CPILI-12 S = Benz[deJanthracen-7-one. phenalenone ot' &2E329 
ftuorenone; ret to kd = 4.0 X lO4 s-1 in 
benzene. 

2.4 x 103 4.1 X 10-4 PUAd-5 S = 2-ACN; A = DPBF; cor. for ks. 81A287 

4.0 x 103 2.5 X 10-4 PULd-2 S=PdMPDME. 81E398 
83E818 
79E846 

4.2 x 103 2.4x 10-4 PULd-2 S = PdMPDME or MPDME; decay at 158& &OE558 

nm. 
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TABLE 1. Decay constants for singlet oxygen in various solvents. - Continued 

No. Solvent kd 't (llkd) Method Comment Ref. 
(s-l) (s) 

1.29 Chloroform - Continued 

9.0x 103 PUAd-5 S = MB, A = DPBF. 78F061 

4x 103 2 X 10-4 PUAd-8 S = MB, A = DPBF. 76F903 

2x 104 6 X 10-5 PUAd-5 S = MB, A = DPBF. kd decreases by 50% on 757088 
lowering the temperature from 298 to 223K. 

1.30 ChloroformlEthanol (50:50) 

3.0x 104 3.3 X 10-5 PULd-2 S = Zn(pc)(pYh. 92E654 

1.31 Chloroform-d 

1.4 x 102 7.0 X 10-3 MPILd-2 S = MB, TPPor PHO; kd = 1.1 X 102 s-1 for 
LU2J S 10-5 mol L-1

• 

92E256 

1.1 x 102 9.4 X 10-3 MPILd-2 S=TPP. 87E658 

1.6 x 103 6.4 X 10-4 PULd-2 S = MB, RB or TPP. 83E398 

2.8 x 102 3.6 X 10-3 CP/LI-12 S = Benz[de]anthracen-7-one, phenalenone or 82E329 
fluorenone; reI. to kd = 4.0 X 104 C 1 in 
benzene. 

2.8 x 102 :i.6 x 10-3 PT JT it-? S = Renz[de]anthrac.en-7-one, phenalenone or &2E329 
fluorenone. 

1 X 103 9 X 10-4 PUAd-5 S = 2-ACN; A = Rub; cor. for ks. 81A287 

1.2 x 103 8.4 x 10-4 PULd-2 S=PdMPDME. 81E398 
83E818 
79E846 

3 x 103 3 x 10-4 PUAd-5 S = MB, A = DPBF. 757088 

1.32 Chloropentafluorobenzene 

41 0.024 MPILd-2 S=TPP. 89E388 

1.33 Chlorotrifluoromethane 

1.0 x 103 1.0 X 10-3 PUAd-5 S = MB, A = DPBF, kd cor. for 1-2% MeOH 757088 
content. 

1.34 Cyclohexane 

4.3 x 104 2.3 X 10-5 PULd-2 S = MB, TPP or PHO. 92E256 

4.3 x 104 2.3 X 10-5 Pl1Ld-2 S= 1-MeNp. 91E297 

4.2 x 104 2.4 x 10-5 PULd-2 S=2-ACN. 90N078 

4.3 x 104 2.4 x 10-5 PULd-2 S = Np, Bp, or Fl. 87E234 

5.2 x 104 PULd-2 S=Ac. 87E466 

5.0x 104 PUAd-5 S=2-ACN; A = DPBF. 84FOO5 

5.0 x 104 2.0 x 10-5 PUTb-3 S=TPP. 83A050 

4.3 x 104 2.3 X 10-5 PULd-2 S=HPDME. 83A223 

5.0 x 104 2.0x 10-5 PUAd-8 S = An; A = DPBF. 82A349 

5.9 x 104 1.7 X 10-5 CPILI-12 S = Benz[deJanthracen-7-one, phenalenone or 82E329 
fluorenone; reI. to kd = 4.0 X 104 s-I in 
benzene. 

4.3 x 104 2.3 X 10-5 PULd-2 S=PdMPDME. 81E398 

5.9 x 104 1.7 X 10-5 PUAd-5 S = MB. A = DPBF, kd cor. for 2% MeOH 727260 
content. 

1.35 Cyclohexane (mic) 

5.9 x 104 1.7 X 10-5 PUTb-3 S = Ery; reverse micelles contg. 0.04 mol L-1 83A050 
DAP and 0.1 mol L-1 water. 

1.36 Cyclohexane-d12 

2.2 x 103 4.5 x 10-4 PULd-2 S =: ChI'; from high intensity photolysis; M = 87F333 
IO~>l<. 
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TABLE 1. Decay constants for singlet oxygen in various solvents. - Continued 

No. Solvent kd 't (llkd) Method Comment Ref. 
(S-I) (s) 

1.36 CyclohexaDe-d12 - Continued 

3.1 x 103 3.2 X 10-4 CP/LI-12 S = Benz[de]anthracen-7-one, phenalenone or 82E329 
ftuorenone; reI. to kd =4.0 x 104 s-1 in 
benzene. 

1.37 CyclohexaDol 

6.6x 104 1.5 x 10-5 PULd-2 S = HPDME; T = 308K. 83A223 

6.3 x 104 1.6 X 10-5 PUAd-8 S=MB,A=DPBF. 76F903 

1.38 DecaDe 

3.6 x 104 2.8 x 10-5 PULd-2 S-TPP. 83A223 

1.39 Decyl alcohol 

5.6 x 104 1.8 x 10-5 PULd-2 S=HPDME. 83A223 

1.40 Deuterium oxide 

1.8 x 104 5.5 x 10-5 PULd-2 S RU(bpyh2+; pH = 6.8. 92A095 

1.5 x 104 6.8 X 10-5 PULd-2 S = MB, TPP or PHO. 92E256 

1.8 x 104 5.5 X 10-5 PULd-2 S = H2TPPs4-, CAPeS, SnTPPSC12
4- or 

ZnPCS3-; Soln. contg. 2 x 10-3 mol L-1 
90A022 

phosphate buffer and 1 % NaCI wt/wt. 

1.7 x 104 6.0 x 10-5 PULd-2 S = 4-Thiouridine. 90E312 

1.4 x 104 7.0 x,lO-s PlJLd-2 S = RB or H2TPPs4-; pD = 3. 89A322 
93U041 

1.6 x 104 6.4 x lO-s PULd-2 S = RB, TPP or H2TPPs4-; 1.0 mol L-1 NaOD. 89A322 
93U041 

1.5 x 104 6.8 x 10-s PULd-2 S=MB. 89E388 

1.6 x 104 6.1 x lO-s PULd-2 S = Chlorin e6; pD = 8.1. 89E505 

1.5 x 104 6.5 x lO-s PULd-2 S=HP. 89E700 

1.4 x 104 7.0x 10-5 PULd-2 S=MB. 89E700 

1.9 x 104 5.2 X 10-5 PULd-2 S = AICI(tspc); pH = 7. 89R092 

1.7 x 104 6.0x lO-s PULd-2 S = Ru(bpyh2+; pH = 7; 02 satumted. 88AI05 

1.7 x 104 5.8 x lO-s PULd-2 S = 2-AnS; pH = 7. 88A398 

1.5 x 104 6.7 X 10-5 PULd-2 S ;;;; H2 TPPS4-. 88F503 

1.5 x 104 6.8 X 10-5 PULd-2 S=UP. 87E234 

1.7 x 104 6.0x 10-5 PULd-2 S = H2TPPS4-. 87E941 

1.5 x 10-1 6.7 X 10-5 PULd-2 S=RF;pD=7. 87F290 

1.7 x 104 5.9 X 10-5 PULd-2 S::: H2TPPs4-; pH::: 7. 86A198 

1.6 x 104 6.3 X 10-5 PULd-2 102* from NDP02. 86A264 

1.6 x 104 6.3 x 10-:; PULd-2 S = C6HsC02-. 86A264 

1.5 x 104 6.7 x lO-s PULd-2 S = H2TPPs4-. 86F316 

1.5 x 104 6.8 X 10-5 PULd-2 S = H2TMpyp4+. 84E296 

1.8 x 104 5.5 X 10-5 PULd-2 S = H2 TPPS4
-. 83A223 

2.3 x 104 4.4 X 10-5 PULd-2 S = H2 TPPS4-. 83E756 

2.3 x 104 4.4 x 10-s PULd-2 S = PdTPPS4-. 83E818 

1.5 x 104 6.7 x 10-5 PULd-2 S = Sulfo- and carboxyanthracenes. 83E844 

1.9 x 104 5.4 X 10-5 PUAd-5 S = PBA; A = Croeetin; pD = 8.4. 82A204 

1.7 x 104 5.8 x 10-5 PULd-2 S=MB. 82E104 

1.5 x 104 6.8 X 10-5 PULd-2 S =RB orTh. 82E106 
83E235 

-2.2 x 104 -4.5 X 10-5 PULd-2 S=HP. 81E704 

1,.9 x 104 PUAd-5 S =MB; A =ADPA. 80A205 
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TABLE 1. Decay constants for singlet oxygen in various solvents. - Continued 

No. Solvent kd 't (l/kd) Method Comment Ref. 
(s-l) (s) 

1.41 Deuterium oxide (mie) 

1.6 x 104 6.1 x 10-5 PULd-2 S = Chlorin e6; pD = 8.1; Soln. cant. 10-3 mol 89E505 
L-1 Triton X-IOO. 

2.1 x 104 4.9 X 10-5 PUAd-5 S = HYP; A = DPBF; BRU 35 micelles. 88N343 

2.8 x 104 3.6 X 10-5 PULd-2 S = ppb a; Triton X-loo micelles. 88R193 

2.3 x 104 4.3 X 10-5 PULd-2 S = UP; 0.5 mol L-1 SDS. 87E234 

1.8 x 103 5.7 X 10-5 PULd-2 S = H2 TPPs4-; 10-2 mol L -1 SDS. 83N084 

1.8 x 103 5.6 X 10-5 PULd-2 S = H2TPPs4-; 10-2 mol L-1 CTAB. 83N084 

1.9 x 103 5.2 X 10-5 PULd-2 S = H2TPPs4-; 0.1 mol L-1 Brij. 83N084 

2.9 x 103 3.5 X 10-5 PULd-2 S = H2TPPs4-; 10-2 mol L-1 DDAB. 83N084 

1.6 x 103 6.2 x 10-' PULd-2 S = H2TPP~; 10-:5 mol L-1 HSA. 83N084 

3.1 x 103 3.2 X 10-5 PULd-2 S = H2TPPs4-; 20 mg/mL Triton X-IOO. 83N084 

2.2 x 104 4.6 X 10-5 PUAd-5 S = 2-ACN; A = DPBF; vesicles (4.0 x 10~2 82N027 
mol L -1 DDAB). 

2.3 x 104 PUAd-5 S = MB or MB-tetrol; A = DPBF; vesicles 82N027 
(4.0 x 10-2 mol L -1 DDAB). 

3.8 x 104 2.6 x 10-5 PUAd-S S - 2-ACN; A - DPBP; 0.1 mol L-1 Brij 35. 79N041 

4.7 x 104 2.2 X 10-5 PUAd-5 S = 2-ACN; A = DPBF; 0.1 mol L-1 Igepal 79N041 
CO-660. 

4.3 x 104 2.4 x 10-5 PUAd-5 S = MB; A = DPBF; 0.1 mol L-1 Igepal CO- 79N041 
660. 

2.1 x 104 4.8 X 10-5 PUAd-5 S = 2-ACN; A = DPBF; 0.1 mol L-1 sodium 79N041 
laurate. 

1.9 x 104 5.4 X 10-5 PUAd-5 S = MB; A = DPBF; 0.1 mol L-1 SDS. 79N041 

1.9 x 104 5.4 X 10-5 PUAd-5 S=2-ACN; A=DPBF;O.I mol L-1 SDS. 79N041 

1.9 x 104 5.4 X 10-5 PUAd-5 S = MB; A = DPBF; 0.1 mol L-1 CTAB. 79N041 

l.7 x 104 5.7 X 10-5 PUAd-5 S = 2-ACN; A = DPBF; 0.1 mol L-1 CTAB. 79N041 

4.2 x 104 2.4 X 10-5 PUAd-5 S = 2-ACN; A = DPBF; 0.1 mol L-1 Igepal 79N041 
CO-630. 

2.8 x 104 3.6 X 10-5 PUAd-8 S = MB' A = DPBF; 0.1 mol L -1 CTAB. 78EI43 

3.0 x 104 3.3 X 10-5 PUAd-8 S = MB; A;';' DPBF; pD = 7.1; 0.1 mol L-1 78EI43 
SDS. 

3.3 )(.104 PUAd-5 S =2-ACN, A = DPBF; 0.1 mol L-1 SDS. 78Bl44 

1.42 Deuterium oxidelEthanol (95:5) 

-2x 104 -6 X 10-5 PULd-2 S = ppb a. 88RI93 

1.43 Deuterium oxidelEthanol (70:30) 

4.0 x 104 2.5 X 10-5 PULd-2 S=HP. 86F316 

1.44 Deuterium oxide/Ethanol (67:33) 

3.8 x 104 2.6 X 10-5 PULd-2 S = H2 TPPs4-. 88F503 

1.45 Deuterium oxidelMethanol (50:50) 

9.1 x 104 1.1 X 10-5 PUAd-5 S = MB, A = DPBF. 727027 

1.46 1,2-Dibromotetraftuoroethane 

32 0.031 MP/Ld-2 S = MB, TPPor PHO; kd = 9.0 s-1 for [02]::;; 92E256 
10-5 mol L -I, 

20 0.050 MPILd-2 S=TPP, 89E388 

1.47 1,1-Dichloroethane 

1.4 x 104 7.0 X 10-5 PULd-2 S =: PdMPDME;Paper says ethylene 81E398 
dichloride. 

1.5 x 104 PUAd-5 S= MB. A;:: DPBF. 78F061 

.1: Phv~~ ChAm~R9f,; Data_ Vol. 24. No. 2.1995 
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TABLE 1. Decay constants for singlet oxygen in various solvents; - Continued 

No. Solvent kd 't (l/kd5 Method Comment Ref. 
(s-1) (5) 

1.48 l,2-Dichloroetbane 

1.6 x 104 6.3 X 10-5 PULd-2 S=HPDME. 83A223 

1.6 x 104 6.3 X 10-5 PULd-2 S =PdMPDME; Paper says dichloroethane. 81E398 
79E846 

1.49 2,2-Dichloroethanol 

2x 104 5 X 10-5 PUAd-8 S=MB,A=DPBF. 76F903 

1.50 Dichloromethane 

1.1 x 104 9.5 X 10-5 PULd-2 S = Coo or C70• 93E301 

1.0 x 104 9.9 X 10-5 PULd-2 S = MB, TPP or PHO. 92E256 

1.3 x 104 8.0x 10-5 PULd-2 S = HVD and PPDME. 92E274 

1.0 x 104 1.0 X 10-4 PUTh-3 S=PZ. 88Z155 

1.2 x 104 8.2 X 10-:l PULd-2 S=An. 87E668 

1.9 x 104 5.4 X 10-5 PUTb-3 S=TPP. 83A050 

1.2 x 104 8.3 X 10-5 PULd-2 S=HPDME. 83A223 

1.8 x 104 5.5 X 10-5 PULd-2 S=MPDME. 83F196 

1.0 x 104 1.0 X 10-4 PULd-2 S=TPP. 82EI04 

1.7 x 104 5.9 X 10-5 CPILI-12 S = Benz[de]anthracen-7-one, phenaIenone or 82E329 
nuorenone; reI. to kd = 4.0 x 10-1 S-1 in 
benzene. 

1.1 x 104 9.1 X 10-5 PUl.d-2 S := PdMPDME. 81E398 
79E970 

1.6 x 104 PUAd-5 S=MB,A=DPBF. 78F061 

7.1 x 103 1.4 X 10-4 . PUAd-8 S=MB,A=DPBF. 76F903 

1.51 Dichloromethane (mic) 

1.9 X 104 5.2 X 10-5 PUTh-3 S = Bry; reverse micelles contg. 0.04 mol L-1 83A050 
DAP and O.l mol L-1 water. 

1.52 Dichloromethane.d2 

8.3 x 103 1.2 X 10-4 CPILI-12 S = Benz[de]anthracen-7-one, phenaIenone or 82E329 
fluorenone; reI. to kd = 4.0 X 104 s-1 in 
benzene. 

1.53 Dietbyl ether 

3.1 x 104 3.2x 10-5 PULd-2 S =Pha. 88R193 

2.7 x 104 3.7 x 10-5 PULd-2 S=An. 87E668 

3.3 x 104 3.0x 10-5 PULd-2 S=HPDME. 83A223 

2.9 x 104 3.4 X 10-5 PULd-2 S=PdMPDME. 81E398 
79E846 

1.54 l,3·Difluorobenzene 

1.6 x 104 6.2 X 10-5 PULd-2 S MB, RB or TPP. 83E398 

1.55 N,N-Dimethylacetamide 

6.8 x 104 1.5 X 10-5 PULd-2 S = HVD and PPDME. 92E274 

1.56 N.N-Dimethylacetamide-t4 

9.5 x 103 1.0 X 10-4 PULd-2 S = HVD and PPDME. 92E274 

1.57 Dimethyl adipate 

3.1 x 104 3.2 X 10-5 PULd-2 S PZ. 89B.S97 

1.58 1,1.Dimethylethyl methyl ether 

3.4 x 104 2.9 X 10-5 PULd-2 S=TPP. 92A386 

2.9 x 104 3.5 x 10:"5 PULd-2 S HPDME. 83A223 
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TABLE 1. Decay constants for singlet oxygen in various solvents. - Continued 

No. Solvent kd 't (Vkd) Method Comment Ref. 
(S-1) (s) 

1.59 N,N-Dimethylformamide 

7.1 x 104 1.4 x 10-5 PULd-2 S =Chr. 93E183 

5.3 x 104 1.9 x 10-5 PULd-2 S = HVD and PPDME. 92E274 

4.0 x 104 2.5 x 10-5 PULd-2 S=An. 87E668 

1.60 Dimethyl sulfoxide 

-S.2x 104 CP/Ac-16 S = RB, A = DPBF, A' = 2M2P. Measured ~A' 766072 
= 0.055 mol L -1, assumed kA' in MeOH and 
DMSO are the same, used ~A' = 0.15 and kd = 
1.4 x 105 s-1 in MeOH. 

-3.3 x 104 -3.0 x 10-5 Method not reported, may be direct method 74F643 
given in ref. [11932.:5]. 

1.61 1,4.Dioxane 

4.8 x 104 2.1 x 10-5 PUTb-3 S=TPP. 83A050 

3.7 x 104 2.7 x 10-5 PULd-2 S=HPDME. 83A223 

4.0 x 104 2.5 x 10-5 PULd-2 S=TPP. 82EI04 

3 x 104 3 x 10-5 PULd-2 S=PdMPDME. 79E846 

1.62 Dodecane 

4.0x 104 2.5 x 10-5 PULd-2 S=TPP. 83A223 

1.63 Epibromohydrin 

2x 104 5 x 10-5 PUAd-8 S = MB, A = DPBF. 76F903 

1.64 Ethanol 

7.9 x 104 l.3 x 10-5 PULd-2 S = BPhe a. 93R131 

7.1 x 104 1.4 x 10-5 PULd-2 S=HP. 89E700 

6.3 x 104 1.6 x 10-5 PULd-2 S=RB. 89E700 

7.7 x 104 1.3 x 10-5 PULd-2 S=MB. 89E700 

7.1 x 104 1.4 x 10-5 PULd-2 S = Zn(pc)(pyh. 88A284 

6.7 x 104 1.5 x 10-5 PULd-2 S = H2 TPPs4-. 88F503 

7.4 x 104 1.4 x 10-5 PUTb-3 S=HP. 87E054 

7.2 x 104 1.4 x 10-5 PULd-2 S=An. 87E668 

8.3 x 104 PUAtl,Pb-5 S;;Au; A:;;;MDH. 87F541 

8.3 x 104 1.2 x 10-5 PUTb-3 S=An. 85E591 

7.7 x 104 1.3 x 10-5 PULd-2 S=2-ACN. 84E066 

9.1 x 104 1.1 x 10-5 PlJTb-3 S = Ery. 83AO.50 

6.5 x 104 1.5 x 10-5 PULd-2 S=HPDME. 83A223 

1.0 x 105 9.6 X 10-6 PULd-2 S=PdMPDME. 81E398 
83E818 
79E846 

-9.1 x 104 -1.1 x 10-5 PULd-2 S=HP. 8IE704 

1.0 x 105 1.0 x 10-5 PUAd-8 S = MB, A = DPBF. 76F902 

5.3 x 104 1.9 x 10-5 PUAd-8 S=MB, A = DPBF. 76F903 

8 x 104 1 x 10-5 PUAd-5 S = MB, A = DPBF. 727260 

1.65 EthanollWater (95:5) 

2x 105 5 x 10-6 PU~Cd-l1 S=An, Q= Car. 76F902 

1.66 Ethanol-d 

3.2 x 104 3.1 x 10-5 PULd-2 S = Zn(pc)(pyh. 88A284 

3.3 x 104 3.0 x 10-5 PULd-2 S=HP. 87E054 

3.4 x 104 2.9 x 10-5 PUTb-3 S= HP. 87E054 

I .......... _ "' .... __ I!I_. n..-6_ "ftl ")1 t..I.n ., 10011: 



RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION 691 

TABLE 1. Decay constants for singlet oxygen in various solvents. - Continued 

No. Solvent kd 't (lIkd) Method Comment Ref. 
(S-I) (s) 

1.67 Ethanol-d6 

5 x 103 2 X 10-4 PUTb-3 S=HP. 87E054 

4.3 x 103 2.3 X 10-4 PULd-2 S=PdMPDME. 81E398 -
83E818 

1.68 Ethyl acetate 

2.2 x 104 4.5 X 10-5 PULd-2 S = HVD and PPDME. 92E274 

2x 104 5 X 10-5 PUAd-8 S=MB.A=DPBF. 76F903 

1.69 Ethylbenzene 

3.8 x 104 2.6 X 10-5 PllLd-2 S = 02:s01vent CT state. 90E220 

3.8 x 104 2.6 X 10-5 PULd-2 S = An; 5% decrease in lifetime as Tincreased 89E597 
298 to 353K. 

4.0x 104 PUAd-5 S = MB; A = DPBF. 83A371 
83AOO6 

1.70 Ethylene glycol 

1.3 x 105 7.5 X 10-6 PULd-2 S=HPDME. 83A223 

1.71 Ethylene glycol/Methanol (50:50) 

1.2 x 105 PUAd-8 S = MB or RB. A = DPBF. k~ = 1.6 x 105 s-I 737014 
when [DPBF] = 1.9 x 10-5 mol L -I and ~ = 6.3 
x 10-5 mol L-1• 

1.72 Fluorobenzene 

2.3 x 104 4.3 X 10-5 PULd-2 S=TPP. 89E388 

2.2 x 104 PULd-2 S=Ac. 87E466 

2.0x 104 4.9 X 10-5 PULd-2 S = MB, RB or TPP. 83E398 

1.73 Fluorobenzene-ds 

9.1 x 102 1.1 X 10-3 PULd-2 S = MB, RB or TPP. 83E398 

1.74 2-Fluoroethanol 

6 x 104 2 X 10-5 PUAd-8 S=MB,A=DPBF. 76F903 

1.75 Formamide 

1.5 x 105 6.7 X 10-6 PULd-2 S=An. 87E668 

1.76 Furan 

8.3 x 10" 1.2 x 10-5 PULd-2 S=PdMPDME. 80b549 

1.77 Heptane 

3.4 x 104 PULd-2 S=3-HF. 89E365 

3.4 x 104 2.9 X 10-5 PULd-2 S=An. 87E668 

3.4 x 104 3.0x 10-5 PULd-2 S =TPP. 83A223 

3.6 x 104 2.8 X 10-5 PULd-2 S PdMPDME. 81E398 

1.78 Heptane/Water (mie) 

3.4 X 104 PULd-2 S = RB; reverse micelles contg. AOT. 83N171 

1.79 I-Heptanol 

5.5 x Ht 1.8 x 10-5 PULd-2 S=HPDME. 83A223 

I.S0 Hexadecane 

4.1 x 104 2.4 X 10-5 PlJLd-it S=TPP. 83A223 

1.S1 Hexaftuorobenzene 

2x 102 :5 X 10-3 PULd-2 5 = Coo or C7{)· 93E301 
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TABLE 1. Decay constants for singlet oxygen in various solvents. - Continued 

No. Solvent kd 't (l/kd) Method Comment Ref. 
(s-l) (s) 

1.81 Hexafiuorobenzene - Continued 

48 0.021 MPILd-2 S = MB, TPP or PHO; kd = 33 s-1 for [02] ~ 
10-5 mol L-1. 

92E256 

40 0.025 MPILd-2 S=TPP. 87E658 

2.9 x 102 3.4x 10-3 PULd-2 S = Chr; from high intensity photolysis; M = 87F333 
102*, 

2.6 x 102 3.9 X 10-3 PULd-2 S = MB, RB or TPP. 83E398 

1.1 x 102 9.4 x 10-3 CPILI-12 S = Benz[de]anthracen-7-one, phenalenone or 82E329 
fluorenone; reI. to kd = 4.0 x 104 s-1 in 
benzene. 

2 x 103 6 X 10-4 PUAd-5 S = MB, A = DPBF, kd cor. for 1-2% MeOH 757088 
content. 

1.82 1,1,1,3,3,3-Hexafiuoro-2-propanol 

1.9 x 104 5.2x 10-5 PULd-2 S=RB. 89E324 

1.83 Hexane 

3.2 x 104 3.1 x 10-5 PULd-2 S=An. 87E668 

3.2 x 104 3.1 x 10-5 PULd-2 S=TPP. 83A223 

3.3 x 104 3.0 X 10-5 PULd-2 S=PdMPDME. 81E398 

1.84 1-Hexanol 

5.6 x 104 1.8 x 10-5 PULd-2 S=HPDME. 83A223 

1.85 Iodobenzene 

2.5 x 104 3.9 X 10-5 PULd-2 S =TPP~ 89E388 

4.2 x 104 PULd-2 S=Rub. 87E466 

2.9 x 104 3.5 X 10-5 PULd-2 S = MB, RB or TPP. 83E398 

1.86 Iodobenzene-ds 

3.6 x 103 2.8 X 10-4 PULd-2 S = MB, RB or TPP. 83E398 

1.87 Iodoethane 

2.9 x 104 3.4 X 10-5 PULd-2 S=PdMPDME. 81E398 
79E846 

1.88 Iodomethane 

2.7 x 104 3.7 X 10-5 PULd-2 S=PdMPDME. 81E398 
79E846 

1.89 Iodopenta1luorobenzene 

66 0.015 MPILd-2 S=TPP. 89E388 

1.90 3-Iodotoluene 

3.4 x 104 2.9 X 10-5 PULd-2 S=PdMPDME. 81E398 
83E818 

1.91 Mesitylene 

6.4 x 104 1.6 X 10-5 PULd-2 S = TPP; L\V* = -20.7 cm3 mor l
; studied from 93A017 

0.1 MPa to 250 MPa. 

6.7 x 104 1.5 X 10-5 PULd-2 S=An. 90E400 

1.92 Methanol 

1.1 x 105 9.5 x 1O-{i PULd-2 S = MB, TPP or PHO. 92E256 

8.9 x 104 1.1 X 10-5 PULd-2 S = T(m-HOP)P. 90R164 

9.8 x 104 1.0 X 10-5 PULd-2 S = RB or H2 TPPg4-. 89A322 
93U041 

1.1 x 105 9.0 x 10-6 PULd-2 S=MB and RF. 88A165 
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-TABLE 1. Decay constants for singlet oxygen in various solvents. - Continued 

No. Solvent kd 't (l/kd) Method Comment Ref. 
(s-I) (s) 

1.92 Methanol - Continued 

1.0 x 105 9.7 X 10-6 PULd-2 S = C6H5C02-. 86A264 

1.0 x 105 1.0 X 10-5 PULd-2 102* from NDP02. 86A264 

1.0 x 105 PUAd-S S = 2-ACN; A = DPBF. 84FOOS 

1.1 x 105 9.0x 10-6 PUTb-3 S=Ery. 83AOSO 

9.6 x" 104 1.0 x 10~5 PULd-2 S=HPDME. 83A223 

1.0 x 105 1.0 X 10-5 PUAd-8 S = An; A=DPBF. 82A349 

-1 x 105 -7 X 10-6 PULd-2 S=HP. 81E704 

8.3 x 104 1.2 X 10-5 PUTb-3 S = CH3COCOCH3; A = 2,S-DMF. 80E606 

1.1 x 10' PUAd-S S = MB, A = DPBF. 78F061 

1 x 105 9 X 10-6 PUAd-8 S=MB,A=DPBF. 76F902 

9.7 x 104 1.0 X 10-5 PUAd-8 S = RB, A = DPBF. 737014 

8.8 x 104 1.1 X 10-5 PUAd-8 S = MB, A:: DPBF. 737014 

1 x 105 7 X 10-6 PUAd-5 S=MB,A=DPBF. " 719325 

1.93 MethanollWater (50:50) 

3 x 105 PUAd-8 S = MB or RB, A = DPBF, kD = 3.7 x 105 s-I 737014 
when [DPBF] = 1.7 x 10-5 mol L -I and jl = S.S 
x 10-5 mol L-I. 

2.9 x 105 3.S X 10-6 PUAd-S S=MB,A=DPBF. 727027 

1.94 Methanol-d 

4.1 x 103 2.5 X 10-4 PULd-2 S = RB or H2TPPs4-. 89A322 
93U041 

3.4 x 104 2.9 X 10-5 PULd-2 S=MB andRF. 88A16S 

3.6 x 104 2.8 X 10-5 PULd-2 S=SnPPC12• 88R194 

3.1 x 104 3.2 X 10-5 PUTb-3 S=HP. 88Z1S5 

2.S x 104 4.0 x 10-5 PUTb-3 S=Ery. 83AOSO 

4.1 x 104 2.S X 10-5 PULd-2 S=MPDME. 83F196 

2.7 x 104 3.7 X 10-5 PULd-2 S=MB. 82E104 

1.95 Methanol-d4 

3.7 x 103 2.7 x 10-4 PULd-2 S ... RD. 93A326 

4.2 x 103 2.4 x 10-4 PULd-2 S=RB. 92F063 

3.8 x 103 PULd-2 S = H2 TPPs4-. 89A331 

4.4 x 103 2.3 X 10-4 PULd-2 S=MBand RF. 88Al(j~ 

4.4 x 103 2.3x 10-4 PULd-2 S=HPDME. 83A223 

1.96 2-Methoxyethanol 

9.3 x 104 1.0 X 10-5 PUAd-S A=DPBF;S=MB. 87E690 

1.97 Methyl benzoate 

3 x 104 4x 10-5 PUAd-8 S =MB, A= DPBF. 76F903 

1.98 3-Methyl-l·butanol 

S.4 x 104 1.8 X 10-5 PULd-2 S=An. " 87E668 

1.99 3·Methylpentane 

3.1 x 104 3.2 X 10'-5 PULd-2 S=HPDME. 83A223 

1.100 2-Methyl·l·propanol 

4.7 x 104 2.1 X 10-5 PULd-2 S=An. 87E668 

4.7 x 104 2.1 X 10-5 PULd-2 S=HPDME. 83A223 
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TAHI.!' I. I kL'ay conslanls for singlet oxygen in various solvents. - Continued 

~-.-----------

No, SolvclIl kd 1: (llkd) Method Comment Ref. 
(s-I) (8) 

1.101 2-Methyl-2-propanol 

3.2 x 104 3.1 X 10-5 PULd-2 S=HPDME. 83A223 

3.0x 104 3.4 X 10-5 PUAd-8 S=MB,A=DPBF. 737014 

1.102 Methyl propionate 

2.7 x 104 3.7 X 10-5 PULd-2 S=Chr. 93E183 

2.6 x 104 3.8 X 10-5 PULd-2 S = An; 5% decrease in lifetime as Tincreased 89E597 
298 to 353K. 

1.103 Nonane 

4.2 x 104 2.4 X 10-5 PULd-2 S=TPP. 83A223 

1.104 I-Nonanol 

5.4x 104 1.9 x 10-5 PULd-2 S=HPDME. 83A223 

1.lOS 1-0ctnnol 

5.4 X 104 1.9 X 10-5 PULd-2 S=HPDME. 83A223 

1.106 Oxygen 

2.3 x 104 PULd-2 kd in 180 2 = 50 S-I. T = 77K. 84E289 

1.107 Penta chi oro ethane 

2.1 x 103 4.8 X 10-4 PULd-2 S=PdMPDME. 81E398 

2.2 x 103 4.5 X 10-4 PULd-2 S = PdMPDME or MPDME; decay at 1588 80E558 
nm. 

1.108 Pentafluorobenzene 

3.2 x 103 3.2 X 10-4 PULd-2 S = MB, RB or TPP. 83E398 

1.109 Pentane 

2.9 x 104 3.5 X 10-5 PULd-2 S = MB, TPP or PHO. 92E256 

2.9 x 104 3.5 X 10-5 PULd-2 S=TPP. 83A223 

4.5 x 104 2.2 X 10-5 PULd-2 S=PdMPDME. 81E398 

1.110 I-Pentanol 

5.6 x 104 1.8 X 10-5 PULd-2 S=HPDME. 83A223 

1.111 Perfluorodecalin 

17 0.059 MP/Ld-2 S = MB, TPP or PHO; kd = 3.2 8-1 for [02] S; 92E256 
10-5 mol L -1. 

1.112 Perfluoroethyl ether 

9.1 x 102 1.1 X 10-3 CP/LI-12 S = Benz[deJanthracen-7-one, phenalenone or 82E329 
fluorenone; reI. to kd = 4.0 X 104 8-1 in 
benzene. 

1.113 Perfluorohexane 

15 0.068 MP/Ld-2 S = MB, TPP or PHO; kd = 4.7 8-1 for [02] S; 92E256 
10-5 mol L -I. 

20 PULd-2 S = Phen; from delayed fluorescence of 88E775 
phenanthrene attributed to singlet(oxygen)-
triplet(Phen) annihilation~ T= 200K. 

10 0.096 MPILd-2 S=TPP. 87E658 

1.114 Perfluorohexyl iodide 

40 0.025 MP/Ld-2 S = MH, TPP or PHO; kd = 19 8-1 for [02] s; 
10-5 mol L- 1• 

92E256 

27 0.036 MP/Ld-2 S=TPP, 89E388 

.1. Phvs. Chem. RAf. D~t~. Vol. 74. NO.7. 1AAJ:\ 
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TABLE 1. Decay constants for singlet oxygen in various solvents. - Continued 

No. Solvent kd 1: (l/kdJ Method Comment Ref. 
(s-l) (s) 

1.115 I-Phenylethanol 

4.6 x 104 PUAd-5 S ==MB; A=DPBF. 83A371 
83AOO6 

1.116 I-Propanol 

S.7 x 104 1.8 X 10-5 PULd-2 S==An. 87E668 

6.1 x 104 1.6 X 10-5 PULd-2 S=HPDME. 83A223 

1.117 2-Propanol 

4.5 x 104 2.2 X 10-5 PULd-2 S=RB. 89E324 

4.9 x 104 PULd-2 S=Ac. 87E466 

4.0 x 104 2.S X 10-5 PULd-2 S=An. 87E668 

4.5 x 104 2.2 X 10-5 PULd-2 S=HPDME. 83A223 

1.118 Propylene carbonate 

3.3 x 104 3.0x 10-5 PUAd-S A = DPBF; S = MB. 87E690 

1.119 Pyridine 

1.8 X 105 5.7 x 10-6 PULd-2 S == RB or H2 TPPs4-. 89A322 
93U041 

6.5 x 104 1.5 X 10-5 PULd-2 S == Chlorin e6' 89E50S 

7.7 x 104 1.3 X 10-5 PULd-2 S==An. 87E959 

7.1 x 104 1.4 X 10-5 PUTb-3 S==TPP. 83A050 

5.9 x 104 1.7 X 10-5 PUTh-3 S =Ery. 83A050 

6.3 x 104 1.6 X 10-5 PULd-2 S==PdMPDME. 81E398 
79E846 

6x 104 2 X 10-5 PUAd-8 S == RB. A == DPBF. 76F903 

1.120 1,1,2,2-Tetrachloro~ 1,2-diftuoroethane 

24 0.042 CP/U-12 S == Benz[de]anthracen-7-one, phenalenone or 82E329 
ftuorenone; reI. to kd = 4.0 x 104 S-1 in 
benzene. 

1.121 1,1,2,2. Tetrachloroethane 

8.3 x 103 PUAd-5 S = MB, A = DPBF. 78F061 

1.122 Tetrachloroethylene 

8.3 x 102 1.2 x 10-3 PULd-2 S==PdMPDME. 81E398 

7.7 x 102 1.3 X 10-3 PULd-2 S = PdMPDME or MPDME; decay at 1588 80E558 
nm. 

1.123 Tetradecane 

4.0 x 104 2.:5 x 10-5 PUUJ-2 S=TPP. 83AZ23 

1.124 1,2,4,5· Tetr8fluorobenzene 

6.5 x 103 1.6 X 10-4 PULd-2 S == MB, RB or TPP. 83E398 

1.125 Tetrahydrofuran 

4.8 x 104 PULd-2 S=RB. 87E466 

4.3 x 104 2.3 x 10-5 PULd-2 S=An. 87E668 

5.4 x 104 1.9 X 10-5 PUTb-3 S=An. 85E591 

5.0x 104 2.0 X 10-5 PULd-2 S=TPP. 82EI04 

3.3 x 104 3.0x 10-5 PULd-2 S=PdMPDME. 81E398 

4.3 x 104 2.3 x 10-5 PUAd-8 S == RB,A ==DPBF. 76F903 

1.126 Toluene 

3.4 x 104 2.9 x 10-:> PULd-2 S ::::: TPP; A vt = -10.0 cmJ mol-1; studied from 93A017 
0.1 MPa to 250 MPa. 
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TAIlLE 1. Decay constants for singlet oxygen in various solvents. - Continued 

No. Solvent kd 't (lIkd) Method Comment Ref. 
(S-I) (s) 

1.126 Toluene - Continued 

3.5 x 104 2.9 X 10-5 PULd-2 S=Ac. 93A017 

3.4 x 104 2.9 X 10-5 PULd-2 S = 02:s01vent CT state. 90E220 

3.6 x 104 2.8 X 10-5 PULd-2 S=An. 90E400 

3.4 x 104 2.9 X 10-5 PULd-2 S = 2-ACN; Ml* = -1.7 kJ mol-I; studied at 88A427 
203-333 K. 

3.5 x 104 PULd-2 S=Ac. 87E466 

3.4 x 104 2.9 X 10-5 PULd-2 S=An. 87E668 

4.0x 104 2.5 X 10-5 PULd-2 S=2-ACN. 84E066 

4.0 x 104 2.5 X 10-5 PLI~Cd-11 S=An. 82A349 

3.8 x 104 2.6 X 10-5 PUAd-8 S = An; A = DPBF. 82A349 

3.2 x 104 PUAd-5 S=A=Rub; . 82E072 

3.7 x 104 2.7 X 10-5 CP/LJ-12 S = Benz[de]anthracen-7-one, phenalenone or 82E329 
fluorenone; reI. to kd = 4.0 X 104

8-1 in 
benzene. 

3.4 x 104 2.9 X 10-5 PULd-2 S=PdMPDME. 81E398 
&3E&1& 

79E846 

4.3 x 104 2.3 X 10-5 CP/Ac-14 S = TPP; A = TME; Used kA = 4 X 107 L 80C002 
mol-1 s-l. 

4.0 x 104 PRlAd-5 S = Np; A = DPBF; Ea = -2 kJ mol-I; studied 79A106 
at 222 to 333K. 78E263 

5 x 104 2 X 10-5 CP/Ac-16 S = A = DMA; compared with ~ = 1.2 X 10-3 79F148 
mol L -1 in benzene where 't = 24 J.lS. 

1.127 Toluene-ds 

3.5 x 103 2.8 X 10-4 PULd-2 S=Pz. 89E597 

3.2 x 103 3.1 X 10-4 CP/LJ-12 S = Benz[deJanthracen-7-one, phenalenone or 82E329 
fluorenone; reI. to kd = 4.0 X 104 s-1 in 
benzene. 

3.1 x 103 3.2 X 10-4 PULd-2 ,S = PdMPDME. 81E398 
83E818 
79E846 

1.128 2.2.2-Trichloroethanol 

2 x 104 5 X 10-5 PUAd-8 S=MB,A DPBF. 76F903 

1.129 Trichloroethylene 

4.0 x 1U3 2.,)XW 4 1'ULd-:2 S = Mt:I, '1'1'1' or PHU. nb256 

4.5 x 103 2.2 X 10-4 PULd-2 S=PdMPDME. 81E398 

4.8 x 103 2.1 X 10-4 PULd-2 S = PdMPDME or MPDME; decay at 1588 80E558 
nm. 

1.130 Trichloroftuoromethane 

9.1 0.11 MP/Ld-2 S=TPP. 89E388 

42 0.024 MP/Ld-2 S= TPP. 87E658 

1.131 1,1,2-Trichlorotrifluoroethane 

14 0.072 MPlLd-2 S = MB, TPP or PHO; kd = 7.5 8-1 for [02] ::; 92E256 
10-5 mol L -I. 

10 0.099 MP/Ld-2 S=TPP. 87E658 

51 0.020 FP/Ld-2 S = Per. 82A322 

24 0.042 CP/LJ-12 S = Benz[deJanlhracen-7-one, phenalenone or 82E329 
fluorenone; reI. lo kd = 4.0 X 104 8-1 in 
benzene. 

J. Phvs. Chern. Ref. Data. Vol. 24. No.2. 1995 
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TABLE 1. Decay constants for singlet oxygen in various solvents. - Continued 

No. Solvent kd "C (llkd) • Method Comment Ref. 
(s-I) (8) 

1.132 1,1,2-TrichlorotriftuoroethanelEthanol (99 :1) 

7.1 x 102 1.4 X 10-3 PULd-2 S=HP. 81E704 

1.133 1,1,2-TrichlorotriftuoroethanelEthanol (90:10) 

6.7 x 103 1.5 X 10-4 PULd-2 S=HP. 81E704 

1.134 1,3,5-Triftuorobenzene 

1.0 x 104 9.9 X 10-5 PULd-2 S = MB, RB or TPP. 83E398 

1.135 2,2,2-Triftuoroethanol 

4.1 x 104 2.4 x 10-5 PULd-2 S=RB. 89E324 

3.1 x 104 PULd-2 S = RB; not extrapolated to [S] = O. 87B466 

2x 104 4x 10-5 PUAd-8 S=MB,A=DPBF. 76F903 

1.136 Cl,Cl,Cl. TriflnOl'otolmmp. 

1.6 x 104 PULd-2 S=Ac. 87B466 

1.137 2,4,4-Trimethyl-l-pentanol 

4.1 x 104 2.4x 10-5 PULd-2 ~=H.PVMh. ~3A223 

1.138 2,2,4-Trimethylpentane 

2.7 x 104 3.8 X 10-5 PULd-2 S=HPDME. 83A223 

2.7 x 104 PULd-2 S = RB; reverse micelles contg. AOT. 83Nl71 

1.139 n-Undecane 

4.0 x 104 2.5 X 10-5 PULd-2 S=TPP. 83A223 

1.140 Water 

2.4 x 105 4.2 X 10-6 PULd-2 S=MB orPHO. 92E256 

3.2 x 105 3.1 X 10-6 PULd-2 S = H2TPPs4"; Nonmonotonic change in 91A478 
lifetime over 283-368 K; "C6 = 4.8 J.i.s at 368 K. 

2.4 x 105 4.1 X 10-6 PULd-2 S = RB or H2 TPpg4-; 1.0 mol L -I NaOH. 89A322 
93U041 

2.4 x 105 4.2 X 10-6 PULd-2 S=MB. 89E388 

3.2 x 105 3.1 X 10-6 PULd-2 S = H2TPPg4-; pH = 8; oxygen pressure 1-15 89E585 
atm. 

2.5 x 105 4.0x 10-6 PULd-2 S = H2TPPg4-; pH = 7. 86A198 

2.4 x 105 4.1 X 10-6 PULd-2 S = C6HsC02-. 86A264 

3.1')( 105 3' ')( 10-6 PI1L1-2 S = HzTMpyp4+. 84E296 

2.4 x 105 4.2 X 10-6 PULd-2 S = H2TPPS4-. 83A223 

2.9 x 105 3.5 X 10-6 PULd-2 S = PdTPPS4-. 83E818 

3.2 x 105 3.1 x 10-6 PULd-2 S = Sulfo- and cnrboxyunthrnoenes. 83E844 

1.141 Water (mic) 

2.2 x 105 4.6 X 10-6 PULd-2 S = H2TPPg4-; 1% Triton X-100. 91A478 

3.4 x 105 2.9 X 10-6 PUAc-5 S = MB; A = DPBF; BRIJ 35 micelles. 88N343 

5.0x 104 PULd-2 S = RB; 0-1 mol L-1 SDS. 83N171 

4.0 x 104 PULd-2 S = RB; 0-0.5 mol L -I CTAB. 83N171 

2.5 x 105 4.0x 10-6 PUAd-5 S = 2-ACN; A = DPBF; 0.1 mol L -) CTAB; 79N041 
extrapolated from D20IH20 mixtures to 
100% water. 

2.9 x 105 3.5x 10-6 PUAd-5 S = 2-ACN; A = DPBF; 0.1 mol L -I Igepal 79N041 
CO-630; extrapolated from D2OIH2O 
mixtures to 100% water. 

3.3 x 105 PUAd-S S = 2-ACN, A = DPBF; 0.1 mol L-1 SDS. 78EI44 
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TABLE 1. Decay constants for singlet oxygen in various solvents. - Continued 

No. Solvent kd 1: (l/kd) Method Comment Ref. 
(s-l) (s) 

1.142 WaterlMethanol (80:20) 

2.0 x 105 4.9 X 10-6 PULd-2 102* from NDP02. 86A264 

1.143 m-Xylene 

4.0 x 104 2.5 X 10-5 PULd-2 S = TPP; d V* = -13.0 cm3 mol-l; studied from 93A017 
0.1 MPa to 250 MPa. 

1.144 o-Xylene 

4.4 x 104 2.3 X 10-5 PULd-2 S = TPP; d V* = -14.2 cm3 mol-I; studied from 93A017 
0.1 MPa to 250 MPa. 

5.3 x 104 1.9 X 10-5 PULd-2 S=An. 90E400 

1.145 p-Xylene 

5.0 x 104 2.0 x 10-5 PULd-2 S = TPP; tl V; = -19.2 cm3 mol-I; studied from 93A017 
0.1 MPa to 250 MPa. 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. 

~ 

NIl, Solvent k P (kik) T Method Comment Ref. 
(L mol-1 s-l) (mol L-1) (K) 

'''\l~~ 

t:l Acrolein (Propenal) 

MeOH 1.6 x 103 89 263 CP/Oc-15 S = MB; used kd = 1.4 x 105 s-1. 737479 

La Aciamantane, 2-(bydroxymethylene)-, acetate 

C03COCD3 3.4 x 104 PULd-2 S=MB. 83A026 

C030D 2.1 x 104 PULd-2 S=MB. 83A026 

1J Benzvalene 

C6~ 1.1 (Pr) 286 CP/Oc-29 S = TPP; A' = 2,5-0MF; meas. 1 + kqlkr = 1. 84F065 

CCl4 0.OS9 <Pr) 286 CP/Oc-29 S = TPP; A' = 2,5-DMF; meas. 1 + ki"-r = 1. 84F065 

CH2Cl2 4.9 x 10-3 (~r) 286 CP/Oc-29 S = TPP; A' = 2,5-DMF; meas. 1 + kcI"-r = 1. 84F065 

CH3CN 4.0 x 10-3 (Pr) 286 CP/Oc-29 S = RB; A' = 2,S-DMF; meas. 1 + kqlkr = 1. 84F065 

CH3COCH3 7.2 X 10-3 (Pr) 286 CP/Oc-29 S=RB;A' =2,S-DMF;meas.l +'kJkr= 1. 84F065 

CHCI3 0.020 <Pc) 286 CP/Oc-29 S = TPP; A' = 2,5-DMF; meas. 1 + kr/"-r = 1. 84F065 

MeOH 0.019 (~r) 286 CP/Oc-29 S = RB; A' = 2,S-DMF; meas. 1 + kqlkr = 1. 84F065 

1.4 Blcyclo[2.2.1]hepta-2,s-diene (Norbomadiene) 

CHCl3 1.7 x 104 CRlA/c-33 A' = Rub; usedkd = 1.7 x 104 S-l, kA , = 5.3 X 107 81E003 
. L mol-1 S-I; 102*. from DMN02. 

%.$ Bicyclo[2.2.1]hepta-2,5-diene, 7,7 -dimethyl-2-(trimetbylsiloxy)- [Norbornadiene, 7,7 -dimethyl-2-(trimetbylsiloxy)-] 

CDCl3 CP/Ac,A'c-17 S = TPP; A' = 7,7-Dimethyl-2- 78F290 
(trimethylsiloxy)norbom-2-ene; meas. k/k/' = 
4.2. 

1.6 Bicyclo[2.2.1]hepta.2,5-diene, 2-methyl- (Norbornadiene, 2-methyl-) 

CH3CN 273 CP/Ac,A/c-17 S = MB; A' = 5-Methylene-2-norbomene; meas. 78F149 
k/k/' =34. 

1.7 Bicyclo[2.2.1]hepta-2,5-diene,2-(trimethylsiloxy)

C0C13 CP/Ac,A/c-17 S = TPP; A' = 7,7-Dimethyl-2- 78F290 
(trimethylsiloxy)norbom-2-ene; meas. k/k" A' = 
0.17. 

:t8 Bicyclo[2.2.1]heptane, 2,3-bis(methylene)- (Norbornane, 2,3-dimethylene-) 

3.6 x 105 

2.9 Bicyclo[2.2.1]heptane,7,7-dimetbyl-2-metbylene

CH3CN 

195 CP/A/c-t6 S = RR: A' = DPRF: k~ nnt given 

273 CP/Ac,A/c-17 S = MB; A' = 2,7,7-Trimethylnorborn-2-ene; 
meas. k/k/ = 3.'1. 

CP/Ac,A'c-17 S = MB; A' = 2-Methylenenorbomane; meas. 
k/kr A' = 0.26. 

2.JO Dlcyclo[Z.z.l]heptane, Z,3-dioxymethyl-7-tricyclu[3.3.1.13·']decyUdene- (exQ,exo) 

87A36& 

78F149 

74F647 

C6HsCJl2-PcOH 1.8 x 106 273 CRlLI-12 
(90:10) 

used kd = 4.1 X 104 s-1; 102* from hydrotrioxide, 90M125 
e.g. (CH3hC(OH)OOOH. 

1.11 BicyclO[Z.Z.l]beptane, z-metbyleneM (Norbornane, Z-metbylene-) 

CH3CN 273 CPI Ac,A' c-17 S = MB; A' = S-Methylene-2-norbomene; meas. 78F149 
A' k/"-r =4.3. 

CH3CN 273 CPI Ac,A' c-17 S == MB; A' ... 2,7,7-Trimcthylnorbom-2-cnc; 78Fl49 
A: meas. k/kr = 13. 

CH3CN S = MB; A' = c-C6~CH3; meas. kAlkA' = O.06S. 73F664 

1.12 Blcyclo[1.2.1]beptane, 2,3-(21-oxatrlmetbylene)-7-trlcyclo[3.3.1.13,7]decylldene- (exo, exo) 

C6HsCJl2-PcOH 1.2 x 106 273 CRlLI-12 used kd = 4.1 X 104 s-l; 102* from hydrotrioxide, 90M125 
(90:10) e.g. (CH3)2C(OH)OOOH. 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

No. Solvent T M~thod Comment 
(K) 

2.13 Bicyclo[2.2.1]heptane-2-d, 3-methylene-, endo

CH3CN CP/Ac,A'c-17 S = MB; A' = 2-Methylenenorbomane; meas. 
k/k/' = 1.0. 

2.14 Bicyclo[2.2.1]beptane-2-d, 3-methylene-, exo

CH3CN CP/Ac,A'c-17 S = MB; A' = 2-Methylenenoroomane; meas. 
k/k/' = 1.1. 

2.15 Bicyclo[2.2.1]heptane-2,3-dicarboxylic acid, 7-tricyclo[3.3.1.13,7]decylidene-, anhydride (endo.endo) 

CHCl3 2.8 X 104 295 CULI-12 S=An;usedkcJ=4.9x103 s-l. 

Z.16 Dicyclo[Z.2.1]beptauc-Z,3-diucoollylic acid, 7-tcicyclo[3.3.1.13"]de.::yUdene-, anhydride (e.;m.eAo) 

CHCl3 1.0 X 104 295 CUU-12 S = An; used kd = 4.9 X 103 s-I. 

2.17 Bicyclo(2.2.1]beptane-2,3-dicarboxylic acid, 7-tricyclo(3.3.1.13,7]decylidene-, dimethyl ester (endo.endo) 

CHCl3 3.1 X 104 295 CULI-12 S = An; used kd = 4.9 X 103 s-l. 

2.18 Bicyclo[2.2.1]heptane-2,3-dicarboxylic acid, 7-tricyclo[3.3.1.13,7]decylidene-, dimethyl ester (exo.exo) 

CHCl3 1.5 x 104 295 CULI-12 S = An; used kd = 4.9 X 103 S-I, 

2.19 Bicyclo[2.2.1]hept-2-ene, 5,6-bis(methylene)- [Norbom-2-ene,5,6-bis(methylene)-] 

Ref. 

74F647 

74F647 

90F473 

90F473 

9OF473 

90F473 

CH2Cl2 253 CP/Ac-17 S = TPP; A' = 2,3- 82F450 
DimethylcncbicyGlo[2.2.1]hcptanc; meas. k1k/: 
=0.12. 

2.20 Bicyclo[2.2.1]hept-2-ene,2-methoxy- (Norbom-2-ene,2-methoxy-) 

C-C6H 12 

C6HsCH3 

CH3CN 

<1.0 x 104 

1.1 x 104 

6.2 x lOS 

2.5 x 105 

6.2 x lOS 

2.21 Bicyclo[2.2.1]hept-2-ene,2-methyl- (Norbom-2-ene, 2-methyl-) 

PUA'd-8 

PUA'd-8 

PUA'd-8 

PUA'd-8 

PUA'd-8 

S = An; A' = DPBF. 

S = An; A' = DPBF. 

82A349 

82A349 

S = An; A' = DPBF; Mf; = -1.3 kJ mol-I; AS; = 82A349 
-1411 rl mol-I; studied at 250-273 K. 

S = An; A' = DPBF. 82A349 

S = An; A' = DPBF; Mf; = -0.8 kJ mor l ; AS; = 82A349 
-130 J rl mol-I; studied at 250-213 K. 

CH3CN 273 CP/Ac.A'c-17 S = MB; A' = 5-Methylene':'2-norbomene; meas. 78F149 
klkrA' "" 1-1. 

CH3CN 

2.22 Bicyclo[2.2.1]hept-2-ene,5-metbylene

CH3CN 

2.23 Bicyclo[2.2.1]hept.2-ene, 2,7,7 -trimethyl

CH3CN 

2.24 Bicyclo[2.2.1]hept-2-ene,2-(trimethylsiloxy)

CDC13 

2.25 Bicyclo(3.1.1]hept.2-ene, 2-ethenyl-6,6-dimethyl- (Nopadiene) 

CPI AC,A'c-17 S = MB; A' = 2-Methylenenorbomane; meas. 
A' .. 

kllcr = 3.1. 

74F647 

S = MB; A' = c-C6HgCH3; meas. kAlkA' = 0.14. 73F664 

273 CP/Ac.A'c-17 S = MB; A' = c-CSH7CH3; meas. k/k/' = 2.0 x 78F149 
10-3. 

273 CP/Ac,A/c-17 S = MB; A' = 2-Methylnorbom-2..ene; meas. 78F149 
k/k./': ... 0.025. 

CP/Ac,A'c-17 S = MB; A' = 2-Methylenenoroomane; meas. 
k/k/' ::= 0.077. 

74F647 

CP/Ac,A'c-17 S::= TPP; A' = 7,7-DirnethyJ-2- 78F290 
(trimethylsiloxy)norbom-2-ene; meas. k/k/': = 
8.4. 

MeOH -2.0 293 CP/Oc-lS S = RB; Ea::= 16 kJ mor l , 68F288 
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TABLE 2. Rate constants for·interaction 'of singlet . oxygen with olefins . .....,... Continued 

Solvent T Method Comment Ref. 
(K) 

'U6 Bleyclo[4.1.o]hept-2-ene, 3,7,7-trimethyl- (A2-Carene) 

MeOH 0.17 Method not reported. 68F289 

'.JS1 BICY~lot4.1.o]hept-2-ene, 4,7,7 -tIimethyl- (A 4_~) 
MeOH 0.21 Method not reported. 68F289 

·,248BlcY~lo[4.1j)]hept;.3-ene, 3,7,7-trimethyl.; (A3';;Carene) 

MeOH 0.40 Method not reported. 68F289' 

, 2029" 'Bicyclo[2.2.0]hexa-2,s~ene, hexamethyi-

CHClj 1.1 x 107 CP/A/c-33 S ;;;;;; A' ;:; Rub; ulS~d kd = 1.7 ]I; 104 
8-

1
, kA, = '.3 x 78AOO' 

107 L mort s-I. 

,; Uo' 'B1Cyclo[3.1.0]hex-2-ene, 4-methyl-l~(1-metbylethylh (IR)- (a-Thujene) 

1.8 x Idi (kr) 
<104. (kq) 

29.5 CPlOc-1.5,28 :s = KH; used kd = 4.0 X 103 8-1; used 1j),6.(RB) = 91F332 
0.76. 

195 CP/A'c-16 S = RB; A' = DPBF; kd not given. 87A368 
. . , 

.. : 

'2..12 JJJqclq[4.2.0]octa-2,,4-d1ene,7 ,8-dibromo-(Cyclooctatetraene dibromide) 

MeOH -0.30 293 CP/Oc-15 68F288 

U3 .... )JiCYclo[2.2.2]octane, 2,3-bis(methylene)-
, . '6 

CI?3COCD3 1.7 x 10 195 CP/A'c-16 S = ~; A' = DPBF; kd not given. 87A368 

2.34 BicyClo['1.2.~]p.ndec-4-ene, 4,l1,1l-trimethyl-8-methylene-, [1 R-( lR*,4E,9S* )]- (p..Caryop~yllene) 

MeOH/ C6~ 293 CP/Ac,A'c-17 S = BP, tripbenylene, quinoline, Np, Py, RB, 
(50:50) MB; A' =y-CaryopbyUene; meas. klk/, = 5.1. 

70F735 

2.35 ·,l,3.Butadiene,I,4-dI(4,4'-dimetboxyphenyl)-

CCl4 1.1 x 106 (kt) CPIPa,P' a-I7 S = TPP; A' = DPB; used kr A' = 2.1 x lOs L morl 
s-I; P = 1.4-Di(4.4'-dimethoxyphenyl)-I,3-

90F292 

butadiene endoperoxide. 

2.36 1,3-lJutadiene, 1,4-d1(I,l-dimethylethoxyh (E,E)-

CH2Cl2 8.5 x 107 CP/A/c-16 . S = MPDME; A' = DPBF; used kd = 1.0 X 104 85A261 ' 
S-I, 86A159 

CH3CN 2.0xl08 CP/A/c-16 S = MPDME; A' = DPBF; kcJ not given. 86A159 

CH3COCH3 9.1 x 107 CP/A/c-16 S = MPDMB; A' = DPBF; used kd= 2.2 x 104 85A261 
-1 86AI.59 s , 

CH3COCH3 9.6 X 107 (kr) 2.3 x 10-3 CPr) CP/Ac,A'c-17 S = MPDME; A'= (Z',Z)-I,4-Di(tert-butoxy)· 86A159 
1,3-butadiene; used kd = 2.2 X 104 S-I; Prmeas, 
reI. to P,(TME) = 1.2 x 10-3 mol L':"I, '. ' 

THF 1.1 X 108 CP/A'c-I6 S = MPDME; A' = DPBF; kd not given. 86A159 

2.37 1,3-Butadiene, 1,4-d1(I,l-dimethylethoxy)-, (E,z)-

. CH2Cl2 5.3x 107 CP/A'c-16 S = MPDME; A' = DPBF; used kd = 1.0 x 104 ' 85A261 
-I 86A159 8 • 

CH3CN 1.1 X 108 CP/A/c-I6 S = MPDME; A' = DPBF; kd not given. 86A159 

CH3COCH3 5.7 x 107 CP/A/c-16 S= MPDME; A' = DPBF; used kd = 2.2 x 104 85A261 
-I 86A159 8 • 

'. THF 5.5 X 107 CP/A'c-16 S = MPD¥E; A' = DPBF; kd not given. 86A159 

2.38 l~-Butadiene, 1,4-di(1,l-dlmethylethoxy)-, (z,z)-

CH202 2.0 x 107 CP/A'c-16 S =MPDME; A' = DPBF; used kd = 1.0 X 104 85A261 
-I 86A159 8 • 

CH3CN 3.8 X 107 CP/A'c-16 S= MPDME; A' = DPBF; kd not given. 86A159 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

No. Solvent k ~ (kik) T Method Comment Ref. 
(L mol-1 s-I) (mol L-1) (K) 

2.38 l,3-Butodiene, 1,4-di(1,1-dimethylethoxy)-, (2,Z)- - Continued 

CH3COCH3 1.5 X 107 CP/A/c-16 S = MPDME; A' = DPBF; used kd = 2.2 X 104 85A261 
-I 86A159 s . 

CH3COCH3 1.4 X 107 (kr) 1.6 x 10-3 (~r) CP/Ac,A/c-17 S = MPDME; A' = TMB; 'used kd = 2.2 X 104 S-I, 85A261 
~/' = 1.2 x 10-3 mol L-1. 86A159 

THF 1.9 x 107 CP/A/c-16 S = MPDME; A' = DPBF; kd not' given. 86A159 

2.39 1,3·Butadiene,2,3·dimethyl· 

CHC13 7.8 x 104 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 S-1, kA, = 5.3 x 81F445 
107 L mol-1 S-I. 

2.40 l,3·Butadlene, 1,4-dlpbenyl· (DPB) 

CCI4 2.1 x 105 6.9 X 10-3 CP/Pa-15 S = TPP; used kd = 1.4 X 103 s-I; P = 1.4- 90F292 
Diphenyl-l.3-butadiene endoperoxide. 

CCI4 273 CP/Pa 17 S ... TPP; A'. Acetone azine; meas. k,lk/' ... 3.5. 79F278 

C6F6 273 CP/Pa-17 S = TPP; A' = Acetone azine; meas. klk/' = 3.6. 79F278 

CDCl3 253 CP/Pa-17 S = MB; A' = Acetone azine; meas. k/k/' = 3.3. 79F278 

CDC13 253 CP/Pa-17 S = TPP; A' = Acetone azine; meas. klk/' = 4.5. 79F278 

CDCl3 253 CP/Pa-17 S = Poly-RB; A' = Acetone azine; meas. klk/:'! = 79F278 
3.6. 

CH3CN 6.0x 105 0.056 CPIPa-15 S = RB; used krJ .,., 3.3 x 104 s-l; p!!!! 1,4- 90F292 

Diphenyl-l ,3-butadiene endoperoxide. 

2.41 1,3-Butadiene, 2.ethyl. 

CHCI3 7.2 x 104 CFtA'!;:-33 S :;; A' -- Rub; used kd 1.7 x 104 5-1, kA' -. 5.3 x 81P445 
107 Lmol-1 s-l. 

2.42 1,3.Butadiene,2.methyl. (Isoprene) 

C6HsClI 2-PrOH 3 x 104 273 CRlLI-12 used kd = 4.1 X 104 S-I; 102* from hydrotrioxide. 90M125 
(90:10) e.g. (CH3hC(OH)OOOH. 

CHCl3 3.7 x 104 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l. kA, = 5.3 x 
107 Lmor1 S-I. 

81F445 

2.43 1,3.Butadiene,2.(phenylmethyl). 

C6H6 7.3 277 CP/Oc-14 S=TPP. 8lF582 

CC14 0.82 277 CP/Oc-14 S=TPF. 81F582 

CH3COCH2CH3 5.7 277 CP/Oc~14 S=RB. 81F582 

CHCl3 3.4 277 CP/Oc-14 S=TPP. 81F582 

EtOH 11 277 CP/Oc-14 S=RB. 81F582 

2.44 (E)-2-Butenal (Crotonaldehyde) 

MeOH 2.2 x 103 65 263 CP/Oc-15 S = MB; used kd 1.4 x lOS S-I. 737479 

2.45 I-Butene,2,3.dimethyl· 

MeOH 288 CPt Ac,A' c-17 S MB~ A' = c-C6H10~ rneas. k/krA' = 1.7. 65F028 

2.46 2-Butene 

MeOH 13 293 CP/Oc-15 S = RB; Ea =42 kJ mol-I. 68F288 

2.47 2.Butene, (E) 

CCIl MeOH (96:4) 2 x 103 PUA'd-8 S = MB; A' = DPBF. 777162 

CS2 7.2 x 103 298 PULd-2 S TPP;MI; 1 kJ mol-I; oM; = -176 J K-1 85Al67 
mol-I; studied at 183-310 K. 

2.48 2,.Butene, (Z) 

CC13F 193 CP/Ac-17 S = MPDME; At = (E)-2-Butene; meas. klk/ = 90Fll1 

18. 
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TABLE 2; Rate constants for intemction of singlet oxygen with olefins. ---.. Continued 

11 ~' 
NO., ,Sphrent k P(kJk) T Method Comment Ref. 

(L mol-1 s-l) (mol L-l) (K) 

'1M 2;;Butene, (Z) .---. Continued 

CC14fMeOH(96:4) 6>< 103 PUA'd-8 S = MB; A' = DPBF.. 777162 

CS2 4.8 X 104 298 PULd-2 S = TPP; Ml; = 7 kJ morl; aSt = -134 J ~l 85A167 
morl; studied at 183-310 K. 

··lAP 2-Butene, 2-cyclopropyl-, (E) 

CH3COCH3 ' :PI Ac,A' c-i 7 S=Eos;A'= 78F430 
(Dicyclopropylmethylidene )cyclobutane; meas; 

N k/kr =0.53. 

,'~i 2;'Butene,2-cyclopropyl-3-methyl-

CH3CN 283 CP/Ac,A'c-17 S = MB; A' = TME; me8s. k/J;. A' = 1.0; C.k. with 79F646 
1,2-dimethylcyclohexene. 

CH3COCH3 CPI Ac,A' c-17 S=Eos; A'= 78F430 
(niC'I,dopropylmethylidene)cyclobutane: meas, 
"Ike =0.76. 

a.51 2-Butene,2,3-dimethyl- (TME) 
". 

l~BuOH 4.4 x 10-3 296 CP/A'c-16 S "" MB; A' "" DPBF. 717398 

tert,.BuOH 2.9 x 10-3 296 CP/A'c-16 S = MB; A' = DPBF. 717398 

CsHsN -9 x 106 286 S = Poly-RB; value from graph; method not 81F534 
reported. 

CsHsN 1.3 x 10-3 285 CPIPa-20 S= Th, MB, DMA; A' = DMA. 737202 

CsHsN -283 CP/A'c-17 S = A' = DPBF; meas. k/k/' = 0.026. 66F041 

c~C6H12 (mic) 1 x 107 PUTh-3 S = Ery; reverse micellescontg. 0.04 mol L-l 83A050 
DAP and 0.1 mol L -1 water. 

C6HSCH3 3.6 x 107 PULd-2 S = 2-ACN; llHt = -3 kJ mol-I; as; = -126 J 88A427 
K-l mol-I; Ea = -1 kJ mol-I; studied at 183-363 
K; pre-exciplex-equilibrium limit activation 
pammeters. 

C6HsCH3· LlxlO-3 CP/Ac-14 S=TPP. 8OCOO2 

~HsCH3 4.2 x 107 PRlA'd-5 S = Np; A' = DPBF. 78E263 

C6HsC1I2-PrOH 2.6x 107 273 CRlLI-12 used kd = 4.1 X 104 s-I; 102* from hydrotrioxide, 9OM125 
(90:10) e.g. (CH3hC(OH)OOOH. 

C6H6 1.3 x 10-3 (l3r) 286 CP/Oc-29 S = TPP: A' = 25-DMF: meas. 1 + kJ~ = 1. R4F06~ 

C6H6 1~8x107 2.2 x 10-3 CP/Oc-19 S = ChI (os); Q = ChI (os); used kd = 4.0 x 104 81F321 
s:"l; ChI (os) is a commercial mixture contg. a 
small % ofchIorophyll. 

C614 -8x 106 286 1: S = Poly-RB; value from graph; method not 81F534 
reported. 

C61its 1.2 x 10-3 298 CP/A'c-23 S =A' == Tetr;used PA' = 1.7 X 10-3 mol L-1 •. 706079 

C6H 6 7.1x fo-4 298 CP/A'c-23 S = A' = Rub; usedflA' = 3~O x 10-4 mol L -1. 706079 

C61its 1.2 x 10-3 298 CP/A/c-23 S= A'==DMBA; used PA,=7.1x lO-4moIL-l~ 706079 

C61its 7.7x 10-4 298 CP/A/c-23 s= A' = DMA; used PA' = 3.0x 10-4 mol L -1: 706079 

CC14 LOx 10-4 (Pr) 286 CP/Oc-29 S = TPP; A' = 2,5-DMF; meas.l +kr/kr = 1 ... 84F065 

CC14 -5 x 105 286 ? S = Poly-RB; value from graph; method not 81F534 
reported. 

CH2Cl2 5.2 xl07 PULd-2 S=Mo:Os· 93F368 

CH2Cl2 4.0 x 10-4 <Pr) 286 CP/Oc-29 S =TPP; A' = 2,5-DMF; meas. 1 + "cIkr = 1. 84F065 

CH2Cl2 4x 107 PUTh-3 S=TPP. 83A050 

CH2Cl2 -2 ~lO6 286 ? S = Poly,.RB; value fromgraph; method not 81F534 
reported. 

CH3CN 3.7 x 107 300 PUP'b'-5 S = MB; A' = FlN2; P' == 9-Fluorenone oxide. 85A206 
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TABLE 2. Rate constants for interaction of singlet oxygen with oletins. - Continued 

No. Solvent k ~ (kd/k) T Method Comment Ref. 
(L mol-1 s-l) (mol L-1) (K) 

2.51 2-Butene, 2,3-dimethyl- (TME) - Continued 

CH3CN 3.5 x 10' 300 PUP'b-5 S = MB; A' = DDM; P' = Benzophenone oxide. 84A339 

CH3CN 7.6 x 10-4 (~r) 286 CP/Oc-29 S = RB; A' = 2,5-DMF; meas. 1 + kiler =:= 1. 84F065 

CH3CN -7 x 106 286 S = Poly-RB; value from graph; method not 81F534 
reported. 

CH3COCH3 1.2 x 10-3 (~r) 286 CP/Oc-29 S = RB; A' = 2,5-DMF; meas. 1 + kller = 1. 84F065 

CH3COCH3 3 x 10' PULd-2 S=MPDME. 83E235 

CH3COCH3 6.3 x 10-4 294 CP/A'c-16 S = MPDME; A' = DPBF. 83E235 
7.7 x 10-4 206 

CH3COCH3 _10' 286 S = Poly-RB; value from graph; method not 81F534 
reported. 

CH3COCH3 5.4 X 10' 7.2 X 10-4 288 CP/A'c-16 S = RB; A' = DPBF; used kd = 3.8 X 104 s-l. 77F876 

CHC}3 3.6 x 10-4 (I3r) 286 CP/Oc-29 S = TPP; A' = 2,5-DMF~ rneas. 1 + kq/~ = 1. 84F065 

CHCl3 5.6 x 10' CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 
10' L mol-1 s-l. 

81EOO3 

CHC13 5.4 X 10' CRlA'c-33 A' = Rub; used kd = 1.7 X 104 s-1, kA' = 5.3 x 10' 81EOO3 
L mor1 s-l; 102* from DMN02• 

CHC13 -5 X 106 286 S = Poly-RB; value from graph; method not 81F534 
reported. 

CHCl3 5.8 x 10' CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 78AOO5 
107 L mol-1 s-l. 

CS2 2.2 X 107 298 PULd-2 S = TPP; 1lH* = 2 kJ mol-I; as* = -96 J K-1 85A167 
mor I ; studied at 183-310 K. 

CSz -8 X 105 286 ? S = Poly-RB; value from graph; method not 81F534 
reported. 

BtOH 0.56 CP/Ac-15 S = MB; Reported values are suspect since rox 767041 
depends on [02J and j:S value was detennined 
from nonlinear data plots. 

EtOH 1.6 x 10' CP/Oc-23 S = RB; A' = Hexamethylenedithiocarbamate; 727116 
u!;ed k." = 1.0 X 104 g-l. kN = 1.5 x 108 L mor1 

s-l; meas. k/(kd + kA{N]) = 270 at [A 1 = 2.8 X 

10-4 mol L-1• 

H2O 1.1 X 108 (kr) 292 MP/Ac,A'c-17 S = RB; A' = FFA; used ler A' = 1.2 X 108 L mor1 87A180 
pH =7.0 -I 

15 • 

MeOH 4.0 x 1 0-3 (~r) 286 CP/Oc-29 S = RB; A' = 2,5-DMF; meas. 1 + kiler= 1. 84F065 

MeOH 3 x 10' PUTb-3 S=Ery. 83A050 

MeUH 1.3 x 107 286 S = Poly-RB; value from graph; method not 81F534 

reported. 

MeOH 4.6 x 10-3 296 CP/A/c-16 S = MB; A' = DPBF. 717398 

McOII 4x 10' PUA'd-5 S - MB; A' = DPBF. 719325 

MeOH 6.2 x 10-3 293 CP/Oc·15 S = RB; Ea == 2.1 kJ mori. 68F288 

MeOH 3.0x 10-3 ? Method not reported. 68F289 

MeOHlrerr-BuOH 2.3 x IO-:l CP/A\;-16 S - RB; AI;;;;; DPBF. 717398 
(50:50) 

2.52 2-Butene, 2,3-dimethyl .. d6, (E)-

CD3COCD3 263 CP/Pa-17 ~ = RH; A' = 1ME; meas. klk/, = 0.11. 79F155 

2.53 2-Butene, 2,3-dimethyl-d6, (Z)-

CD3COCD3 263 CP/Pa-17 S = RB; A' = TME; meas. kr/k/' = 0.91. 79F155 

I ftL.. •• _ I"L. _ __ " _ 1 .... - • .... - - •• 
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TABLE 2; Rate constants for iriteractionof singlet oxygeIiwith olefins~, ..;....;;.', Continued 

,:iiL"lIUt. 
'c'* SolVent 

"Mi- ~:2~Bri~~,2~liieihoxy

c~C6H12 

MeOH 

2.5 X 106 

1.2 X 107 

2.4 X 107 

1.1 X 107 

1.3 X 107 

Ui;?2-Butene,2-methyl- (2M2B) 

C~, 
CCI4" 

Cl)30D 

~H2Cl2 
(CH3~jCCH2OCH3 

SH3CN 
CHjCOCH3 

CHCl3 

gHCl3 

EtOH 

MeOn 

MeOH 

MeOH 

MeOH 

MeOH 

MeOH 

MeOH 

MeOH 

MeOH 

MeOHl tert-BuOH 
(50:50) 

MeOHl tert-BuOH 
(50:50) 

1.3 X 106 

9.4 x 105 

7.2 X 105 

P (kelk) 
(niol L-1) 

0.035 (flr) 

1.5 x 10-3 (flr) 

0.011 (flr) 

0.020 (flr) 

7.2 x 10-3 (flr) 

1.6 

0.10 

0.060 

0.030 

0.60 

0.055 

0.10, ' 

0.055 

T Method 
(K) 

PULd-2 

PUA/d-8 

PUA/d-8 

PUA'd-8 

PUA/d-8 

286 CP/Oc.,29 

286 CP/0c-29 

298 PULd-2 

CPILI-12 

286 CP/0c-29 

CPILI-12 

286 CP/0c-29 

286 CP/0c-29 

286 CP/Oc-29 

CP/A/c-33 

CRlA/c-33 

CP/A'c-33 

298 PULd-2 

CP/Ac-15 

286 CP/Oc-29 

286 ? 

? 

293 CP/0c-15 

293 CP/Oc-15 

293 CP/0c-15 

293 CP/0c-15 

293 CP/0c-15 

Comment 

s = 2-ACN; MI* = -3 kJ mol-I; ASt = '-126 J 
~l morl; Ea = -0.2 kJ morl; studied at 
183-363 K; pre-exciplex-equilibrium limit 
activation' parameters. 

Ref. 

88A427 

S = An; A' =DPBF; MIt. = 4 kJ morl; AS*~ 82A349 
-103 J K-l morl ; studied at 290-34OK. 

S = An; A' = DPBF; MIt. = -1 kJ morl; ASt. = 82A349 
-115 J K-l mol-I; studied at 250-340 K. 

S = An; A' = DPBF; Ail; =-3 kJmor-l;~ == 82A349 
-114 J K-l mol-I; studie<i 'at 250-340 K. 

S = An; A' = DPBF; MIt = -2.5 kJ mol-I; ASi = 82A349 
-119 J K. 1 moll; studied at 240-320 K.. 

S = An; A' = DPBF; MIt. = -2 kJ morl; ASt.== 82A349 
-116 J K-1 mol-I; studied at 250-310 K. 

S =l!P; A' =2,5-DMF; meas.l+ kq/kr= 1. 

S = TPP; A' = 2,5-DMF;meas. 1 + klkr = 1. 

S = TPP; MIt. = 5 kJ morI; AS:!: = -113 J K-l 

mor l ; studied at 183-310 K. 

S = RB; used kd = 4.0 X 103 s-I. 

S = TPP; A' = 2,5-DMF; ineas. 1 + kq/kr = 1. 

S = TPP; used kd = 3.5 X 104 s-l. 

S = RB; A' = 2,5-DMF; meas. 1 + klkr = 1. 

S = RB; A' = 2,5-DMF; meas; 1 + klkr = 1. 

S = TPP; A' = 2,5-DMF; meas. 1 + kq/kr = 1. 

S = A' = Rub; used kd = 1.7 X 104 s-l,kN = 5.3x 
107 L morl S':""l. ' 

84F065 

84F065 

85A167 

92A386 

84F065 

92A386 

84F065 

84F065 

84F065 

81EOO3 

A' = Rub; used kd =1.7 x 104 S-l, kA, = 5.3 X 107 81EOO3 
Lmorl s-l; 102* fromDMN02. 

S = A' "" Rub; used kd "" 1.7 x 104 s-l, kA' = 5.3 x 78AOO5 
10' L morl s-l. 

S = TPP; MIt = 3 kJ mol-I; AS:!: = -125 J K-1 85A167 
morl ; studied at 183.;310 K. 

S =MB; Reported values are suspect since 'ox 767041 
depends on [02] andp value was detennined 
frOm nonlinear data plots. 

S.- RD; A' .- 2,5-DMF; ~. 1 T kq/kr = 1. 

S = Poly-RB; method not reported. 

usedkd = 1.1 x 105 8-1; Unpublished data. 

S = FlCll-; Ea = 6.7 kJ mOrl. 

S= DNT;Ea = 5.9kJ mol-I. 

S = RB; Ea.= 6.7 kJ mol-I. 

S i::::FlBr4CIl-;Ea ~ 63 kJ mol-I. 

S = MB; Ea= 9.2 kJ morl. 

Method not reported. 

CP/Ac,A'c-17 S = RB;A' =TME; meas.k/krA' =0.045. 

84F06S 

81F534 

79F074 

68F288 

68F288 

68F288 

68F288 

68F288 

68F289 

68F292 

CRlAc,A/c-17 A';'" TME; meas.k/krA'=0.043; 102* from 
H20 2/Ca(OClh· 

68F292 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

No. Solvent k P (kik) T Method Comment Ref. 
(L mol-1 5-1) (mol L-1) (K) 

2.56 2-Butene,2-methyl- (2M2B) - Continued 

MeOW tert-BuOH CRI Ac,A' c-17 A' = TME; meas. klk/' = 0.067; 102* from 68F292 
(50:50) H20 2/NaOCl. 

MeOW tert-BuOH 303 CPlPa,P' a-17 S = RB; A' = TME; meas. klk/, = 0.024. 68F292 
(50:50) 

MeOHl tert-BuOH 298 CRlPa,P' a-17 A' = TME; meas. klk/' = 0.029; 102* from 68F292 
(50:50) H20 2/NaOCI,. 

2.57 (E)-2-Butenoic acid (Crotonic acid) 

C6D6 3.3 x 103 PULd-2 S=TPP. 89A331 

2.58 2-Butenoic acid, 2-methyl-, (E) 

C6D6 6.8 X 103 PULd-2 S TPP. 89A331 

2.59 3-Butenoic acid 

C6D6 4.0 x 103 PULd-2 S=TPP. 89A331 

2.60 2-Buten-l-ol,3-methyl-

MeOHl H20 (95:5) 0.14 CP/Oc-l5 S = RR: Soln. contg. 1 % soriinm RCP-tRtP-. 7QF1'17 

2.61 I-Buten-3-one, 1-(2,6,6-trimethyl-l-cyclohexen-l-yl)- (p-Ionone) 

C6H6 1.6 x 106 PUA'd-5 S = A; A' = DPBF. 85E293 

2.62 p-apo-8' ·Carotenal 

C6H6 1.4 x lO lD PUpCd-l1 S=An. 78F276 

CH2Cl2 3.1 x 109 298 CP/P'a-19 S = ChI a; A' = Soybean oil; used kA' = 1.0 X 105 91U180 
L mol-I S-I; meas. kAlkA' = 3.0 X 104; obs. 
peroxide fonnation. 

2.63 a-Carotene 

C6HSCH3 8.2 x 109 PULd-2 S=PZ. 91E465 

CHCliEtOH 6x 109 310 CRlU-12 102* from NDP02; reported k= 1.9 x 1010 L 89R188 
(50:50) mol-1 s-1 using kd = 1 X 105 S-I, recalcd. using kd 90E622 

= 3.0 x 104 s-1 (92E654]. 

2.64 9-cis-p-Carotene 

C6HSCH3 9x 109 PULd-2 S=PZ. 91E465 

C6H6 1.1 x 1010 PULd-2 S=Pz. 91E465 

2.65 15,15' .(Z)-p-Carotene 

C6HSl:H3 L2 x 10lD PI JI n-2 ~=P7 QIFAf\'i 

C6H6 1.1 x lO lD PULd-2 S=PZ. 91E465 

2.66 p·Carotene 

I-BuOH 5.5 x 10-6 CP/A'c-16 S=RB; A'=DPF. 717398 

tert-BuOH 3.8 x 10-6 CP/A/c-16 S = RB; A' = DPF. 717398 

CsHsN 6.5 x 109 CP/A/c-23 S = A' = Rub; used kd = 6.0 X 104 s-I, kA' = 4 x 743112 
107 L mol-I s-I. 

C6D6 2.1 X 1010 PULd-2 S = Pur. 89R044 

n-C6H14 1.4 x lO lD PULd-2 S=PZ. 91E465 

n-C6H14 3.7 x 107 (kr) CP/Ac-? S = A' = An; used kd = 6 X 104
8-

1
; calcd. using 80F169 

kA = 3 X 1010 L mol-1 s-l. 

C6HSBr 3.4 x 109 273 MD/A/c-33 A' = Rub; used kd = 1.3 X 104 s-I, kA' = 4.0 X 107 737333 
L morl s-l; meas. kI(ki[A']) + kA'] = 33.7 at 
[A'] = 1.5 x 10-4 mol L -1. 

C6HSCH3 l.4x101O PULd-2 S=PZ. 91E465 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. '- Continued 

i SolVent k ~(kik) T Method Comment Ref. 
(L mol-I s-l) (mol L-I) (K) 

Ll 

We "C.roten~·~ Continued 

~HsCH3 Llxl010 PULd-2 S = 2-ACN; Mit. =2 (5) kJ mol-I; Mt. ==-60 88A427 
(-50) J r l mol-I; Ea = 4 (7) kJ morl ; studied at 
183-363 K; pre-exciplex-equilibrium limit (and 
diffusion limit). 

C6HsCH3 1 x 1010 CP/A'c-20 S = A' = MDH; used kd = 4.0 X 104 s-l. 83F406 

~HsCH3 3.0x101O CP/A'c-25 S = A' = Rub; used kd = 1 x 105 s-l, kA' = 1.7x 752063 
108 L morl s-l. ' 

~~ 1.3 X 1010 PULd-2 S=Pl. 91E465 

<;6J:16:. 1.3><1010 - 298 CP/Ac,A'c-23 S = A' = Rub; used kd = 4.2 X 104 s-l, kA, = 4.2 x 90F360 
2.0 x n)<i (kr) 107 L mol-1 S-I. 

1.2 x 1010 (~) 

C6~ 1.5 x 1010 303 CPflYa-19 S = A' = Rub; kd not given. 87A107 

"~lIfi 1.2 x tOlO PUlled-II S;::;An. 78F276 

G;~ 1.3 x 1010 298 PUA'd-8 S = An; A' = DPBF. 737438 

C61iti 1.1 x 1010 298 P~Cd-l1 S=An. 737438 

P6~- 2 x U;lO PUA'd-,:) S = MB; A' = DPBF; Solvent contained 2% 727260 
MeOH. 

~Hq'EtOH- L6x 1010 CP/A'c-19 S = RB; A' = ChI a; used kd = 1 x 105 s-l. 78F404 
(67:33). 

~HdEtOH -1.3 x 1010 295 CPlP'a-19 S = RB; A' = TEMP-4-0H; used kd = 3 X 104 s-l; 757445 
(89:11) P'=TEMPOL. 

C6HqMeOH 2.3 x 1010 4.3 x 10-6 CP/A'c-22 S = MB; A' = Rub; used kd = 1.0 x 105 s-l. 747042 
(60~40) 

~~HqMeOH 9.7x 109 . 3.9x 10-6 CP/A'c-16 S = RB; A' = DPF; used kd = 3.8 X 104 S-I. 717398 
_,(8Q:20)-

C6HqMeOH 298 CPlP'a-20 S = MB; A' = 2M2P; meas. kAlkA' = L5 x 104• 70F734 
(80=20) 

CC14 9.9 x 109 PULd-2 S=Pl. 91E465 

CC14 1.0 x 1010 296 CRlLI-12 used kd = 1.7 X 103 s-l; 10;* from DMN02• 90F069 

GCI4 5.9 x 109 CPILI-12 S == PHO; used kd :i: 35 8-1. 88E479 

CCI4 3.8 x 10(; (kr) CP/Ac-14,27 S = TPP; A' = Tetr; ~derived using kA = 7 xl09 83A336 
Lmol-l s-l. 

CC14 ?Ox 109 MPILI-12 S = TPP; used kd = 36 s-l. 83A336 
78ES92 

CCl4 6.5 x 109 295 PULd-2 S =PdMPDMEorMPDME; decay at 1588nm; 80E558 
decay at 1272 nmgave 7 x 109 L morl S-I, 

CC14 8.0x 109 MPILI-12 S = Ret; used kd = 36 s-I . 79F463 
78F700 

CC14 7 x 109 MPILI-12 S = PP, Ph a, ur Bchl a; wscd kd = 35 s-I. 77E617 
78ES81 
79AOI0 

CCliCHCl3 6.2 x 109 CP/A'c-23 S = A' = Rub; us~d kd = 1.4 X 103 S-I, kA,= 7 x 74F645 
(9,0:10) 107 L mol-l s .... l;m~.kl(kA'[A 1 + kd)=}.5 X 

106 Lmol-l at [A1==5 x ~0-6 molL-I. 

CD30D 1.4 x 109 CPILI-12 S = RB; used kd =4.4 x 103s-1. 88E479 

CDlOD 1.5 x 109 CPILI-12 S=PHO; usedkd =4.4 x 103 S-I. 88E479 

CH2Cl2 4.6 x 109 298 CPlP'a~19 S == ChI a;A' =SoYbean oil; used kA,= 1.0 x lOS 91U180 
LmoJ-l s-l; obs. peroxide fOimation; 

CH2Clz 1.3 x 1010 PUIb-3 S=TPP. 83A050 

CH2Cl2 1.3 xl010 298 CP/A/c-23 S =A'= Rub; used kd =8;(j x 103 s-l~ k,,: ==7;'?Jx 747341 
107 Lmorl s-l. 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(Lmorl S-l) (mol L-1) (K) 

2.66 ~.Carotene - Continued 

CH2C12 8.5 x 109 CP/A'c-23 S=A' = Rub; used kd =7.3 x 103 s-l, kg= 7 x 
107 L mol-1 s-l. 

732066 

CHCl3 5 X 109 CRlLI-l 2 used kd = 3.0 X 104 s-l; 102* from NDP02• 92R054 

CHCl3 1.1 x 1010 PULd-2 S=PZ. 91E465 

CHCl3 6.5 x 109 PULd-2 S = MPDEE or PdMPDEE. 81E472 

CHCl3/EtOH 1.2 x 1010 PULd-2 S = Pz; Soln. cont. 1 % H2O. 91E465 
(50:50) 

CHCl3/EtOH 4x 109 310 CRlLI-12 102* from NDP02; reported k'= 1.4 x 1010 L 89R188 
(50:50) morl S-I using kd = 1 x lOs s-l, recalcd. using kd 90E622 

= 3.0 x 104 s-I [92E654]. 

CS2 1.5 x 10-7 CPlP'a-20 S = TPP; A' = 2M2P. 727028 

CICF2CClzF 1.1 x 1010 303 CRJP/a-32 A' = Rub; 102* from DMN02; kA, and kd not 87A107 
given. 

CICF2CClzFI 9.5 x 109 PUTb-3 S=TPP. 83A050 
CH2C12 (96:4) 

EtOH! H20 (95:5) 2 x 109 CRlLI-12 102* from pyrogallol autooxidation by 02IKOH; 78F605 
kd not given. 

MeOH 9.3 x 108 297 CR/P'a-31 A' = TEMP; formh. of TEMPO monitored by esr; 92D227 
soln. cont. MeONa and CoCI2, 102* from 
autoxidation of adrenaline; kd not given. 

MeOH 6.1 x 10-6 CP/A'c-16 S=RB. 717398 

MeOW H20 (95:5) 6.3 x 109 310 CRlLI-12 used kd = 1.8 x lOS s-I; soln. cont. 0.05 mol L-1 

MeONa and 5 x 10-4 mol L -1 CoC12• 102* from 
92M228 

autoxidation of oxytetracycline. 

2.67 ~,~-Carotene, 3' -(acetyloxy)-6',7' -didehydro-S,6-epoxy-S,5',6,6',7 ,S-hexahydro.3,3',5' .trihydroxy-8-oxo-, (3S,3' S,5R,S' R,6S,6' R)- (Fucoxanthin) 

CC14 2.6 x lOS (kr) CP/Ac-14,27 S = TPP; A' = Tetr; kr derived using kA = 7 X 108 

Lmol-1 S-l. 

CCl4 7.0 X 108 MPILI-12 S = TPP; used kd = 36 s-l. 

2.6S ",-Carotene, 3,4-didehydro-l,2,7',S'-tetrahydro-l-methoxy- (all-E)- (Spheroidene) 

C6D6 1.6 x 1010 PULd-2 S = Pur. 

2.69 ",-Carotene, 3,4-didehydro-l,2,7',S' -tetrahydro-l-methoxy·2-oxo- (all-E)- (Spheroidenone) 

C6D6 1.9 x 1010 PULd-2 S = Pur. 

2.70 ",.Carotene, 7,8-dihydro- (all-E)- (Neurosporene) 

1.7 x 1010 PI1IA-2 S=Pur. 

2.71 ",·Carotene, 3,3',4,4' -tetradehydro-l,l',2,2' -tetrahydro·l,l' -dimethoxy· (all-E)- (Spirilloxanthin) 

C6D6 1.3 x 1010 PULd-2 S = Pur. 

2.72 ",-Carotene, 7,S,11,12-tetrahydro- (~-Carotene) 

C6D6 3.5 x 109 PULd-2 

2.73 """,-Carotene, 7,7',S,S',11,12-hexahydro-, 15-cis- (1S-cis-Phytofluene) 

CHCl3 <1 x 107 CRlLI-12 

C6H61 MeOH ~1.0 x 108 ~1.0 X 10-3 CP/A'c-22 
(60:40) 

2.74 15(Z)-",-Carotene, 7 ,7',S,S',11,11 ',12,12' -octahydro- (15-cis-Phytoene) 

CHCl3 <1 x 107 CRlLI-12 

C6H&, MeOH ~1.9 x 107 ~5.3 x 10-3 CP/A'c-22 
(60:40) 

S=MPDME. 

used kd = 3.0 X 104 s-l; 102* from NDP02• 

S = MB; A' = Rub; used kd = 1.0 x lOS S-I. 

used kd = 3.0 X 104 s-l; 102* from NDP02• 

S = MB; A' = Rub; used kd = 1.0 x lOS S-
I. 

83A336 

83A336 

89R044 

89R044 

89R044 

89R044 

89R044 

92R054 

747042 

92R054 

747042 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

Solvent T Method Comment Ref. 
(K) 

;;~"~",,~_'~_a __ -"'---'-"-----------------------------------------

:~.." (t).ii,£-Carotene, 3,3'-dihydroxy- (3R,3'R,6'R)- (Lutein) 

C6HJ MeOH 2.1 x 1010 4.8 X 10-6 
(60:40) 

CHCl3 

CHCl3/EtOH 
(50:50) 

~". y;.carotene 

CHCI3/EtOH 
(50:50) 

CHCl3 

Ilf7 -Carotene analog, C-30 

C6H&, MeOH 
(80:20) 

t!"1I Carotene analog, C-35 

C~MeOH 
(80:20) 

5.7 X 109 1.8 X 10-6 

8.3 X 108 

J." ~,fj-Carotene-3,3'-diol, (3R,3'R)- (Zeaxanthin) 

C6~ 1.2 x 1010 

C6H6 2.8 X 109 

CCl4 7.0 X 109 

CHCI3/EtOH 
(50:50) 

3.4 x 106 (kr) 

6.8 X 109 1.5 X 10-6 

CP/A'c-22 

293 CP/Oc-19 

PULd-2 

310 CRlLI-12 

310 CRlLI-12 

PULd-2 

CPIPa-20 

CP/P'a-20 

PULd-2 

PU(K:d-2 

MPILI-12 

CP/Ac-27 

293 CP/Oc-19 

310 CRlLI-12 

a..J() ~~Carotene-3,3' -diol, 5,6:5',6' -diepoxy·5,5',6,6'-tetrabydro- (all-E) (Violaxanthin) 

S = MB; A' = Rub; used kd = 1.0 X 105 s-I. 747042 

S = Chi a; A' = Soybean oil; used kd = 1.0 X 104 . 90R128 
-1 s . 

S = Pz; Contains -5% zeaxanthin. 91E465 

102* from NDP02; reported k = 8 X 109 L morl 89R188 
s-1 using kd = 1 X 105 s-l, recalcd. using kd = 3.0 90E622 
X 104 s-1 (92E654]. . 

102* from NDP02; reported k = 2.5 X 1010 L 89R188 
mol-1 s-1 using kd = 1 x lOs S-I, reca1cd. usingkd 90E622 
= 3.0 x 104 s-1 [92E654]. 

S=Pz.. 91E465 

S = MB; A' = 2M2P; meas. kikA' = (57 ± 86). 707188 

S = MB; A' = 2M2P; meas. kikA' = 1900 ± 2850. '707188 

S=Pz. 91E465 

S=An. 80A143 

S = TPP; used kd = 368-1• 83A336 

S -- TPP; A' -- Tetr; k,.derived using kA = 7 x 10e) 83A336 
Lmorl s-l. 

S = Chl a; A' = Soybean oil; used kd = 1.0 X 104 90R128 
-1 s . 

102* from NDP02; reported k = 1.0 X 1010 L 89R188 
mol-l s-1 using kd = 1 x lOs s-l, reca1cd. using kd 90E622 
= 3.0 x 104 s-1 [92E654]. 

C6~ 1.6 x 1010 PULd-2 S = PL. 91E465 

un ~.a-Carotene4,4'-diol. all-E- (lsozeaxanthin) 

C6HJ MeOH 2.9 x 1010 3.4 X 10-6 CP/A'c-22 S = MB; A' = Rub; used kd = 1.0 X 105 S-I. 747042 
(60:40) 

293 CP/0c-19 S = ChI a; A~ = Soybean oil; used kd = 1.0 X 104 90R128 
S-I. 

1.8l j}-Carotene-4,4' -dione, 3,3' -dihydroxy- (Astaxanthin) 

C614 1.4 x 1010 PULd-2 S=PZ. 91E465 

CH2Clz 9.S x 109 1.0 X 10-6 293 CP/Oc-19 S = ChI a; A' = Soybean oil; used kd = 1.0 X 104 90R128 
-1 s . 

CHCl3/EtOH 7x 109 310 CRlLI-12 102* from NDP02; reported k = 2.4 X 1010 L 89R188 
(50:50) mol-1 S-1 using kd = 1 x 103 S-I. reca1cd. using kd 90E622 

= 3.0 x 104 s-1 [92E654]. 

2.83 ~,I3-Carotene-4,4' .;mone (Canthaxanthin) 

C6HSCH3 1.3 x 1010 PULd-2 S=PZ. 91E465 

C6Hti 1.8 x 1010 PlJflCd-2 S=An. SOA143 

C6H6 1.4 x 1010 PUI3Cd.ll S=An. 78F276 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

No. Solvent k ~ (kc/k) T Method 
(L mol-I s-I) (mol L-I) (K) 

2.S3 ~,~-Carotene-4,4'-dione (Canthaxanthin) - Continued 

CCl4 1.0 x 1010 CP/LI-12 

CD30D 1.2 x 1010 CP/LI-12 

CHlCh 1.1 x 1010 CP/P'a-l9 

CHC13/EtOH 6x 109 310 CRlLI-12 
(50:50) 

2.84 lC,lC-Carotene-6,6' -dione, 2,2' -dihydroxy- (2S,2' S,5R,5' R) (C40-Epiisocapsorubin) 

CHC13 8 x 109 CRlLI-12 

2.S5 ~·apo-S·Carotenoic acid, ethyl ester 

C6H6 1.2 x 1010 

2.S6 ~-apo-8' -Carotenol 

C6H&,MeOH 
(80:20) 

C6HJMcOH 
(80:20) 

1.2 x 1010 

2.87 p,p.Caroten.3.ol (Cryptoxanthin) 

CHCl31 EtOH 2 x 109 

(50:50) 

2.88 l3,p-Coroten-4-one (Echinenone) 

C(jH6 1.1 X 1010 

2.S9 3,5-Cholestadiene 

2.90 4-Cholesten-3-one,4-metbyl-

2.91 (E)-Cinnamic acid 

CD30D 

2.92 Coumarin,3,4,5,6,7,S-hexahydro-

2.93 

CD3COCD3 1.0 x 106 (kr) 

5.5 x 105 (~) 

CD3COCD3 1.1 x 106 

Crocetin 

D20 6x 108 

pD = 8.4 

D20 2.5 X 109 

pD=8.4 

DMF <5 x 106 (Icr) 

-7 x 109 (kq) 

DMSO <5 x 106 (kr) 

-2 x 109 (kq) 

H2O 2.5 x 108 (ke) 

pH=7.S 5.5 x 109 (kq) 

PU~Cd-ll 

CP/P'a-20 

298 CPlP'u-20 

310 CRlLI-12 

PU~Cd-2 

CP/A/c-33 

CP/Ac-18 

293 PULd-2 

296 CP/Ac,P'a-17 
241 

296 PULd-2 

293 PUAd,A/d-5 

293 PUAd-5 

308 CRlAc-? 

30S CRlAc-? 

308 CRlAc-? 

Comment 

S = PHO; used kd = 35 s-I. 

S= PHO; used kd = 4.4 X 103 s-l. 

S = ChI a~ A' = So"bean oiI~ used kA, = to X 105 

L mol-I s-I; obs. peroxide foonation. 

102* from NDP02; reported k = 2.1 X 1010 L 
morl s-l using kd = 1 X 105 8-1, recalcd. using kd 
= 3.0 X 104 8-1 [92E654]. 

S=An. 

S = MB; A' = 2M2P; meas. kAlkA' = -l.9 X 103
• 

S = MB; A' - 2M2P; used kcJ - 1.0 x 105 s-I, 13K 
= 0.04 mol L-1• 

102* from NDP02; reported k = 6 X 109 L morl 

8-1 using kd = 1 X 105 s-I, recalcd. using kd = 3.0 
X 104 s-l [92E654]. 

S=An. 

S = A' = Rub; used kd = 1.7 X 104 s-I, kA: = 5.3 x 
107 L morl s-l. 

S = Poly-RB or RB or MB; A' = Linalool; used 
~A' = 0.18 mol L -I; Solvent is CH2Cl2 or MeOH 
orC6H6• 

S=HP. 

S = MB; A' = 2M2P; used ~A' = 8.1 X 105 L 
morl s-I; t:JIt = 4.6 kJ mol-I; ASt = -130 J K-1 

mol-I. 

S=MB. 

S = PBA; A' = DPBF; used kA' = 1.0 X 109 L 
mol-I s-l. 

S=PBA. 

used kd = 1.4 x lOS S-I; 102* from MNP02. 

used kd = 4.2 X 104 S-I; 102* from MNP02. 

used kd = 4.2 X 104 s-l~ 102* from MNP02• 

Ref. 

88E479 

88E479 

91UIBO 

89R188 

92R054 

78F276 

7071.88 

70F734 

89R188 
90E622 

80A143 

81F445 

80Fl11 

90F411 

86F219 

86.f219 

82A204 

82A204 

87A318 

87A318 

87A318 
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TABLE 2. Rate constants for interaction of singlet oxygen with oletins. - Continued 

~=';~4¥ Solvent k ~ (kd1k) T Method Comment Ref. 
(L mol-1 s-l) (mol L-I) (K) 

• :~~;<Y;"'?='f'$,:;':"r 

1,., CyClobritiuie, (l-cyclopropylethylidene)-

CH3COCH3 CP/Ac,A'c-17 S=Eos; A'= 78F430 
(Dicyclopropylmethylidene )cycIobutane; meas. 

A' kller =0.70. 

ttl (.)rclobutane, (cyciopropylmethylene)-

CH3COCH3 CPI Ac,A' c-17 S=Eos; A'= 78F430 
(DicycIopropylmethylidene )cycIobutane; meas. 

A' kller =0.59. 

l?H (;yclobutane, (dicyclopropylmethylidene)-

~HsI CPI Ac,A' c-17 S = TPP; A' = TMS; rneas. klk/' = 0.21. 78F430 

C6H6 CPI Ac,A' c-17 S = TPP; A' = TMS; meas. k/k/' = 0.25. 78F430 

CH2C12 CPI Ac,A' c-17 S =MB; A' = TMS; meas. klk/' =0.21. 78F430 

CH3COCH3 CPI AC,A' c-17 S = Bos; A' = TMS; meas. klk/ = 0.26. 78F430 

CS2 CPI Ac,A' c-17 S = TPP; A' = TMS; meas. klk./' = 0.22. 78F430 

MeOH CPI Ac,A' c-17 S = Eos; A' = TMS; rneas. kJk/' = 0.21. 78F430 

.. ~~ ~yclobutene, I-tert-butyl-

CH3CN 273 CPI Ac,A' c-17 S = MB; A' = 1-tert-Butylcyclohexene; rneas. 81F018 
A' klkr = 5.8. 

a.'1l .... Cyclobutene, I-methyl-

CH3CN 273 CPI Ac,A' c-17 S = MB; A' = I-tert-ButylcycIohexene; rneas. 81F018 
A' klkr =9.3. 

1." I,3-Cycloheptadiene 

CHCl3 1.1 x 106 CP/A/c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 81F445 
107 L mol-I S-I. 

2~lOO Cycloheptane, etbylidene-

CHC13 4.8 x 106 CP/A/c-33 S = A' = Rub; used kd = 1.7 x 104 s-l, kA' = 5.3 x 81F445 
107 L mol-1 S-I. 

2~101 Cycloheptane, methylene-

CH3CN 273 CPI Ac,A' c-17 S = MB; A' = MethylenecycIohexane; meas. 81F018 
klk/' =62. 

2il02 Cycloheptene, I-methyl-

CH3CN 273 CPI Ac,A' c-17 S = MB; A' = I-tert-ButylcycIohexene; rneas. 
klk/' 17. 

81F018 

CHC13 ·2.4 x 106 CP/A'c-33 S = A' = Rub; used kd 1.7 x 104 s-l, kA' = 5.3 x 81F445 
107 L mol-I s-I. 

2.103 l,3-Cyclohexadiene 

C6H6 0.015 (~r) 286 CP/Oc-29 S = TPP; A' = 2,5-DMF; meas. 1 + kq//cr = 1. 84F065 

CCl4 4.4 x 10-4 (~r) 286 CP/Oc-29 S = TPP; A' = 2,5-DMF; meas. 1 + kikr = 1. 84F065 

CCl4 1.8 x 106 CP/Ac-14 S = TPP; used kd = 1.4 X 103 S-I. 80COO2 

CH2Cl2 3.2 x 10-3 (~r) 286 CP/Oc-29 S = TPP; A' = 2,5-DMF; meas. 1 + kikr = 1. 84F065 

CH3CN 9.4 x 10-3 (~r) 286 CP/Oc-29 S = RB; A' = 2,5-DMF; meas. 1 + kq//cr = 1. 84F065 

CH3COCH3 0.013 (~r) 286 CP/Oc-29 S = RB; A' = 2,5-DMF; meas. 1 + kqlkr = 1. 84F065 

CHCl3 4.3 x 10-3 (~r) 286 CP/Oc-29 S = TPP; A' = 2,5-DMF; meas. 1 + kq//cr = 1. 84F065 

CHC13 7.1 x 106 CP/A/c-33 S = A' = Rub; used kd = 1.7 X 104 s-I, kA' = 5.3 x 
107 L mol-I s-l. 

81F445 

MeOH 0.037 (~r) 286 CP/Oc-29 S = RB; A' = 2,5-DMF; rneas. 1 + kqlkr = 1. 84F065 

MeOH 0.025 293 CP/Oc-15 S = FlBr4Cl/'; Ea = 5.4kJ mol-I. 68F288 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

No. Solvent k P (kik) T Method Comment Ref. 
(Lmol-1 s-I) (mol L-1) (K) 

2.103 1,3-Cyclohexadiene - Continued 

MeOH 0.011 293 CP/Oc-15 S = DNT; Ea = 5.9 kJ mol-I. 68F288 

MeOH 0.040 293 CP/Oc-15 S = FlCl/-; Ea = 5.9 kJ mol-I. 68F288 

MeOH 0.073 293 CP/Oc-15 S = MB; E~ = S.O kJ mol-I. 6&F28& 

MeOH 0.045 293 CP/Oc-15 S.= RB; Ea = 5.0 kJ mol-I. 68F288 

MeOHl tert-BuOH CRI AC,A' c-17 A' = TME; meas. k./k./' = 0.33-; 102* from 68F292 
(50:50) H2OiCa(OC1h-
MeOHl tert-BuOH CPI Ac,A' c-17 S = RB; A' = TME; meas. k/k!' = 0.077. 68F292 
(50:50) 

2-PrOH 7.3 x 105 273 CRlLI-12 used kd ~ 4.1 X 104 s-l; 102* from hydrotrioxide, 90M125 
c.g. (CH3hC(OH)OOOH. 

2.104 l,3-Cyclohexadiene, 5,6-bis(1-methylethylidene)- (Tetramethyloo-xylylene) 

CH3CN 3.2 x 108 PULd-2 S=Pz. 92A325 

2.105 l,3-Cyclohexadiene, 1-methyl-4-(1-methylethyl)- (a-Terpinene) 

CHCl3 1 X 108 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-I, kA, = 5.3 x 81F445 
107 L morl s-l. 

MeOH 4.0x 10-3 293 CP/Oc-15 S = MB; Ea = 1.7 kJ mol-I; studied at 173-293 K. 68F288 

MeOH 1.3 x 10-3 293 CP/Oc-15 S = Acridine Orange; Ea = 1.7 kJ mol-I. 68F288 

MeOH 3.3 x 10-3 293 CP/Oc-15 S = FlBr4CI/-; Ea = 1.3 kJ mori. 68F288 

MeOH 1.4 x 10-3 293 CP/Oc-15 S = DNT; Ea = 1.3 kJ mol-I. 68F288 

MeOH 6.0 x 10-3 293 CP/Oc-15 S = FlCI/-; Ea = 0.84 kJ mol-I. 68F288 

MeOH 3.1 x 10-3 293 CP/Oc-15 S = RR; E ... = 1.7 kJ mot-I. 6RF288 

MeOH 0.010 288 CP/Oc-15 S=RB. 587004 

2.106 1,3-Cyclohexadiene,2-methyl-5-(1-methylethyl)-

CHCl3 3.2 X 107 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA, = 5.3 x 81F445 
107 L mol-1 s-l. 

MeOH 0.010 293 CP/Oc-15 S =RB;Ea=4.2 kJ mori. 68F288 

2.107 1,4-Cyclohexadiene, I-methyl-

CHCl3 2.0 x 105 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA, = 5.3 x 
107 L mol-I S-I. 

81F445 

2.108 2,4-Cyclohexadien-l-one, 6,6-dimethy)-

MeOH -1.9 293 CP/Oc-15 S = RB; Ea = 15 kJ mol-I. 68F288 

2.109 Cyclohexane, cyclohexylidene-

MeOH 0.030 293 CP/Oc-15 S = RB; Ea = 5.4 kJ mol-I. 68F288 

MeOH 0.056 Method not reported. 627005 

Z.llU Cyclohexane, ethylidene-

CHCl3 8.6 x 105 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA,= 5.3 x 8lF445 
107 L mo}-1 S-I. 78AOO5 

2.111 Cyclohexane, (hydroxymethylene)-, acetate 

CD3COCD3 7.5 x 104 PULd-2 S=MB. 83A026 

CD30D 4.8 x 104 PULd-2 S=MB. 83A026 

2.112 Cyclohexane, methylene-

CD3COCD3 6.1 x 103 298 PULd-2 S = TPP; Ml* = -0.8 kJ mol-I; AS* = -176 J K-I 85A167 
mol-I; studied at 183-310 K. 

CH3CN <1 x 103 (I;) S = MB~ A' = c-C6H9CH3• 73F664 

J. Phys. Chem. Ref. Data. Vol. 24. No.2. 1 QQ5 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

'-.*~~;: 

~,: Solvent k ~ (kd1k)· T Method Comment Ref. 
(L mor l s-I) (mol L-I) (K) 

- ~- ·:Sj.'':~:·~'?-i-_:...:t'$ 

."JI1 Cyclohexane, methylene- - Continued 

CS2 5.2 x 103 298 PULd-2 S = TPP; Mf; = -0.4 kJ morl; dS; = -176 J ~l 85A167 
mol-I; studied at 183-310 K. 

~U~ Cyclohexanol,2-(cyclohexylidene). 

MeOH 0.44 ? Method not reported. 627005 

1:U4 Cyclohexanone, 2·cyclohexylidene· 

0.34 CP/Ac-18 S = Poly-RB or RB; A' = Linalool; used \lA' = 
0.18 mol L-l; Solvent is CH2Cl2 or MeOH. 

80Fll1 

MeOH 0.35 293 CPtOc-15 S = RB; Ea = 11.7 kJ mol-I. 68F288 

MeOH 0.37 Method not reported. 627005 

i?U~ Cyclohexanone, S·methyl·2-(1.methylethenyl)- (PuIegone) 

0.12 CP/Ac.18 S = Poly-RB or RB or MB; A' = Linalool: used 80Flll 
~A'= 0.18 mol L-1

; Solvent is CH2C12 orMeOH 
or C6H6. 

CHCl3 6.1 X 105 CPtA'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 
107 L mol-1 5-1• 

81F445 

1.U6 Cyclohexene 

CSHSN _104 (kr) 286 S = Poly-RB; method not reported; value from 81F534 
graph. 

C6H6 -8 x 103 (kr) 286 S = Poly-RB; method not reported; value from 81F534 
graph. 

C6HtlMeOH 2.0x 104 3.1 298 CPIPa-15 S = RB; used kd = 6.3 X 104 s-I. 79A457 
(75:25) 78F586 

CC14 -5 x 102 (kr) 286 ? S = Poly-RB; method not reported; value from 81F534 
graph. 

CH2Cl2 -7 x 103 (kr) 286 S = Poly-RB; method not reported; value from 81F534 
graph. 

CH3CN _104 (kr) 286 S = POly-RB; method not reported; value from 81F534 
graph. 

CH3COCH3 -2 x 104 (kr) 286 ? S = Poly-RB; method not reported; value from 81F534 
graph. 

CHC13 -9 x 103 (kr) 286 ? S - Poly-RB; method not reported; value from 81F534 
graph. 

CS2 _103 (kr) 286 ? S = Poly-RB; method not reported; value from 81F534 
graph. 

MeOH 2.7 x 104 (kr) 286 ? S = Poly-RB; method not reported; value from 81F534 
graph. 

MeOH 288 CPt AC,A' e-17 S = MB; A' = CH3CH2CH2CH=CHCH3; meas. 65F028 
klkrA' ... 0.12. 

MeOH 26 ? Method not reported. 68F289 

MeOH/ tert-BuOH 303 CP/Pa,P' a-I7 S = RB; A' = (CH3hCHCH=CHCH3; meas. 68F292 
(50:50) A' k/kr =0.19. 

2.117 Cyclohexene, l,2-dimethyl. 

CHCl3 3.0x 107 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 S-l, kA, = 5.3 x 
107 L mol-l s-1. 

78AOO5 

MeOH 3.9 x 106 286 ? S = Poly-RB; method not reported. 81F534 

MeOH 1 x 107 PUA'd-5 S = MB; A' = DPBF. 727260 

MeOH 288 CPI AC,A' e-17 S = MB; A' = TME; meas. klkrA' = 0.53. 65F028 

MeOH 0.030 ? Method not reported. 68F289 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

No. Solvent k P (kdlk) T Method Comment Ref. 
(L marl s-I) (mol L-1) (K) 

2.118 Cyclohexene, l,3-dimethyl-

CHCl3 5.1 x lOs CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-I,kK = 5.3 x 81F445 
107 Lmorl S-I. 

2.119 Cyclohexene, 1,4-dimethyl-

CHCl3 4.0 x lOs CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-I,kt>:= 5.3 x 
107 Lmol-I S-I. 

81F445 

2.120 Cyclohexene, 2,3-dimethyl-

MeOH 288 CPI Ac,A' c-17 S = MB; A' = c-C6H9CH3; meas. k/k'/' = 1.1. 65F028 

2.121 Cyclohexene, 4-(1-hydroxy-1-metbylethyl)-1-methyl- (Terpinolene) 

MeOH -0.050 293 CP/Oc-15 S = RB; Ea = 1.7 kJ morl , 68F288 

2.122 Cyclohexene,l-methyl 

C6~ 0.1:5 298 CP/A'c-23 S = A'= Rub; used ~A'=3.0X 1O~4 mol L-1
• 706079 

C6~ 0.14 298 CP/A'c-23 S = A' = Tetr; used PA' = 1.7 X 10-3 mol L -1. 706079 

C6~ 0.13 298 CP/A'c-23 S = A' = DMA; used PA' = 3.0 X 10-4 mol L -1. 706079 

C6H6 0.12 298 CP/A'c-23 S = A' = DMBA; used ~A' = 7.1 X 10-4 mol L-1
• 706079 

CH3CN 273 CP/Ac,A/c-17 S = MB; A' = I-tert-Butylcyclohexene; meas. 81F018 
A' k/kr =2.3. 

CH3COCH3 2.1 x lOs (ke) 281 S = ?; A' = 1,4-Dioxene; used kA, = 2.2 x 105 L 70F733 
mol-I s-I; meas. kAlkA' = 0.96. 

CHCl3 3.3 x lOs CRlA'c-33 A' = Rub; used kd = 1.7 X 104 s-I, kA, = 5.3 X 107 

L marl s-l; 102* from DMN02• 

8lEOO3 

CHCl3 3.4 X lOs CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-I, kt>: = 5.3 x 
107 L mol-I s-l. 

8lEOO3 

CHCl3 3.6 x 105 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-J. kt>: = 5.3 x 8lF445 
107 L morl s-l. 78A005 

MeOH 2.0x 105 286 ? S = Poly-RB; method not reported. 8lF534 

MeOH 288 CPI Ac,A' c-17 S = MB; A' = c-CSH7CH3; meas. k/k'/' = 0.12. 65F028 

MeOH 288 CPI Ac,A' c-17 S = Ery; A' = c-CSH7CH3; meas. k/ke A' = 0.11. 65F028 

MeOH 288 CPI Ac,A' c-17 S = HP; A' = c-CSH7CH3; meas. k/k'/' = 0.11. 65F028 

MeOH 288 CP/Ac,A'c-17 S = RB; A' = c-CSH7CH3; meas. k/k'/' = 0.087. 65F028 

MeOH 288 CPI Ac,A' c-17 S = Eos; A' = c-CSH7CH3; meas. k/Icr t>: = 0.093. 65F028 

MeOH 1.2 ? Method not reported. 68F289 

MeOHl tert-BuOH CRlAc.A' c-17 A' = 2M2B; meas. k/k/ = 0.050; 102* from 68F292 
(50:50) H20 2/Ca(OClh· 

MeOHl tert-BuOH 276 CRIPa,P' a-17 A' = 2M2P; meas. k/ke K = 0.26; 102* from 68F292 
(50:50) H20 2/NaOCI,. 

Mt;OHllen-BuOH 303 CPIPa,P'a-17 S = RB; A' = 2M2P; mcas. k1k/' = 0.22. 68F292 
(50:50) 

MeOHl tert-BuOH CPI Ac,A' c-17 S = RB; A' = 2M2B; meas. k/k'/' = 0.043. 68F292 
(50:50) 

2.123 Cyclohexene, 4-metbyl-

MeOH 288 CP/Ac.A'c-17 S = MB; A' = c-C6H lO; meas. k/k'/' = 0.67. 65F028 

2.124 Cyclohexene, 1-methyl-4-(1-metbyletbenyl)-, (R)- (Limonene) 

CH3COCH3 1.7 x lOs PULd-2 S=RB. 92F225 

MeOH 1.7 293 CP/Oc-15 S = MB; Ea = 8.4 kJ mol-I. 68F288 

MeOH 1.7 ? Method not reported. 627005 

2.12S Cyclohexene, 1-methyl-4-(1-methyletbyl)- (Carvomenthene) 

MeOH -1.0 293 CP/Oc-15 S = MB; Ea = 13 kJ mol-I. 68F288 

- . - - ..... - - .... 



RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION 715 

TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

.~~ 

~. Solvent k ~ (kd1k) T Method Comment Ref. 
(Lmol-I s-l) (mol L-1) (K) 

~~:;':~">;~ 

i~n~ Cyclohexen-l-ol, 6,6-dimethyl-, acetate 

CD3COCD3 8 x 103 <k.-) 296 CP/Pa-17 S = MB; A' = Adamantylidenemethyl acetate; 86F219 
used k/, = 2.7 x 104 Lmol-1 S-I. 

1.>lJ1 2-Cyclohexen-l-one, 2-ethyl-3-metbyl-

>2x 102 CP/Ac-18 S = Poly-RB or RB; A' = Linalool; used PA' = 80F111 
0.18 mol L -I; Solvent is CH2Cl2 or MeOH. 

_.lUI 2.Cyclohexen-l-one, 2-hydroxy-3-methyl-

MeOH -4 x 107 (k,) 273 CPIPa,P' a-I7 S = RB; A' = TME; k.-A' not given. 85F150 

~.a. l,3-Cyc::loodadicnc 

CHCl3 6.5 X 104 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 8-1, kA, = 5.3 x 81F445 
107 L mol-1 8-1. 

l:,I.}O l,4-Cyclooctadtene, (j-bydroperoxy-

CHCl3 2.9 x 104 0.58 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 8-1, kA, = 5.3 x 89F349 
107 L morl s-I. 

J • .l31 l,4-Cyclooctadiene, 6.metho~-

MeOH 7.2 x lOs 0.14 CP/A'c-33 S A' = Rub; used kd = 1.0 x lOs 8-1, kA' = 3.1 x 89F349 
107 L morl 8-1• 

.a •. J~l l,4-Cyclooctadiene, 6-(trimetbylsiloxy)-

CHCl3 6.2 x 104 0.28 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 8-1, kA' = 5.3 x 89F349 
107 L mol-I s-l. 

1:.133 l,5-Cyclooctadiene 

CHCl3 3.3 x 104 0.53 CP/A'c-33 S = A' = Rub; u8ed kd = 1.7 X 104 s-l, kA' = 5.3 x 89F349 
107 L mol-1 s-I. 

MeOH 4.6 x lOs 293 CP/Ac-14 S = MB; used k(j = 2.0 x lOs S-I. 89F358 

MeOH 3.1 x lOs 293 CP/Ac-14 S = HP; used kd = 2.0 x lOs 8-1• 89F358 

MeOH 2.7 x lOs 293 CP/Ac-14 S = RB; used kd = 2.0 x lOs 8-1, 89F358 

MeOH 4.9 x 105 293 CP/Ac-14 S = HA; used kd = 2.0 x lOs 8-1• 89F358 

2.134 2,5-Cyclooctadien-l-ol 

CHCl3 8.6 x 104 0.20 ('P/A'c-:-l~ S = A' "'" Rub; used kll "" 1.7 x 104 &-1, kA• - 5.3 x 89F349 
107 L morl S-1. 

MeOH 1.9 x lOs 0.54 CP/A'c-33 S = A' = Rub; used kd = 1.0 x lOs 8-1, kA' = 3.1 x 89F349 
107 Lmor1 8-1• 

2.135 Cyclooctane, etbylidene. 

CHCl3 4.9 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 8-1, kA, = 5.3 x 81F445 
107 L morl s-l. 

2.136 1;J,5,7 -Cyclooctatetraene 

C6HsCU 2-PrOH 1.3 x 105 273 CRlLI-12 used kd = 4.1 X 104 8-1; 102* from bydrotrioxid~ 90M125 
(90:10) e.g. (CH3hC(OH)OOOH. 

2.137 Cyclooctene 

CHCl3 4.8 x 104 CRlA'c-33 A' = Rub; used kd = 1.7 X 104 8-1, kA' = 5.3 X 107 81EOO3 
L morl s-l; 102* from DMN02 . 

EtOH CP/Ac,A'c-17 . S = MB; A' = l,5-Cyclooctadiene; meas. k/k/'! = 71F581 
0.14. 

2_BfC Cyl'looetene, 1.methyl. 

CH3CN 273 CPt Ac,A' c-17 S = MB~ A' = l-teTt·Butylcyclohexene~ meas. SIroIS 
k/kr

A' =4.7. 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

No. Solvent k f3 (kd1k) T Method Comment Ref. 
(L mol-I s-I) (mol L-'I) (K) 

2.138 Cyclooctene,l-methyl- Continued 

CHC13 5.3 x 105 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA, = 5.3 x 81F445 
107 L mol-1 s-l. 

2.139 Cyclooctyne 

CHCl3 2x 105 CRlA'c-33 A' = Rub; used kd = 1.7 X 104 s-l, kA, = 5.3 X 107 81EOO3 
Lmol-1 s-l; 102* fromDMN02• 

2.140 Cyclopentadiene 

C6HSCH3 3.9 X 107 PRJA'd-5 S=Np; A' = DPBF;llH.* =OkJ mol-I; AS* = 
-108 J K-1 morl ; studied at 223-353 K. 

79AI06 

CH2C12 253 CP/Ac-17 S = TPP; A' = 2,3- 82F4S0 
Dimethylenebicyclo[2.2.1 ]heptane; meas. kllcr A' 

=>10. 

CHC13 1 x 108 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA, = 5.3 x 81F445 
107 Lmol-I s-I. 

MeOH 4.4 x 10-3 293 CP/Oc-15 S = RB; Ea = 1.3 kJ mol-I. 68F288 

MeOH 4.1 x 10-3 293 CP/Oc-15 S = MB; Ea = 0.84 kJ morl. 68F288 

MeOHI tert-BuOH CRlAc,A'c-17 A' = TME; meas. kllcr A' = 0.7; 102* from 68F292 
(50:50) Hz0 2/Ca(OClh· 

MeOHl tert-BuOH CRJ Ac,A' c-17 A' = TME; meas. k,lk"/' = 2.0; 102* from 68F292 
(50:50) H20 2INaOCl. 

MeOHl tert-BuOH CPI Ac,A' c-17 S = RB; A' = TMB; meas. k,lA;. A' = 1.2. 68F292 
(50:50) 

2.141 1.3-Cyc1opentadiene. 1.4-bis( 4-chlorophenyl)-

CH2C12 6.5 x 107 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 s-I, kK = 3.3 x 84F477 
107 L mol-1 S-1. 

2.142 1,3-Cyc1opentadiene, 1,4-bis( 4-ftuorophenyl)-

CH2Clz 7.6x 107 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 s-l, kA' = 3.3 x 
107 L mol-1 s-l. 

84F477 

2.143 l,3-Cydop<:ntadic.:nc, 1,4-bis(4-mcthoxyphc:;nyl)-

CH2Cl2 1.3 X 108 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 s-I, kA,: 3.3 x 
107 L mol-1 s-l. 

84F477 

2.144 l,3-Cyclopenmdtene, 1,4-bls(4-metbylpbenyl)-

CH2Cl2 1.0 X 108 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 S-l, kA,: 3.3 x 
107 L mor1 S-I. 

84F477 

2.145 1,3-Cyclopentadiene, 1-( 4-chlorophenyl)-4-( 4-methoxyphenyl)-

CH2C12 8.8 x 107 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 s-l, kA,: 3.3 x 
107 Lmol-1 s-l. 

84F477 

2.146 1,3-Cyclopentadiene,I-(4-cblorophenyl)-4-phenyl-

CH2Cl2 6.8 x 107 CP/A'c-33 S = A' = Rub; used kd = 1 x 104 8-1 ,kA,: 3.3 x 
107 L mol-1 8-1. 

84F477 

2.147 1,3-Cyclopentadiene,I,4-dipbenyl .. 

CH2C12 8.7 x 107 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 s-I, kA,: 3.3 x 
107 L mol-1 s-l. 

84F477 

2.148 1,3·Cyclopentadiene, 1-( 4-methoxyphenyl)-4-phenyl-

CH2C12 1.1 x 108 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 s-I, kA' = 3.3 x 84F477 
107 L mol-l 8-1. 

2.149 1,3-Cyc1opentadiene, 5-(1-methylethylidene)- (6,6-Dimethylfulvene) 

MeOH 6.0x 10-3 293 CP/Oc-15 S = RB; Ea = 1.3 kJ mol-I. 68F288 

J. Phys. Chem. Ref. Data, Vol. 24, No.2, 1995 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

~ 

Hn. Solvent k P (kd1k) T Method Comment Ref. 
(L mol-I s-l) (mol L":I) (K) 

1.150 1,3-Cyclopentadiene, S-(l-metbylethylidene)-, endoperoxide 

MeOH -2.5 293 CP/Oc-15 S = RB; Ea = 14 kJ mol-I. 68F288 

a~Ul Cyclopentane, (dicyclopropylmethylidene)-

CH3COCH3 CPI ACtA' c-17 S=Eos; A'= 78F430 
(Dicyclopropylmethylidene)cyclobutane; meas . 

. A' 
k/kr =0.90. 

1.151 Cyclopentane, etbylidene-

CHCl3 8.7 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-I, kA' = 5.3 x 81F445 
107 L morl s-I. 78AOO5 

~.l53 CydupeDUlDe, metbylene-

CH3CN 273 CPI Ac,A' c-17 S = MB; A' = Methylenecyclohexane; meas. 81F018 
k/k/

r

= 1.5 x 102
• 

CH3CN 273 CP/Ac,A' c-17 S ..,.. MB; A' "., 5-Methylene-2-norbomene; meas. 78P149 
k/k/' = 16. 

CH3CN ? S = MB; A' = c-C6H9CH3; meas. kAlkA' = 0.23. 73F664 

~.'$4 Cyclopentanone, 2-cyclopentylidene-

0.06 CP/Ac-18 S = Poly-RB or RB; A' = Linalool; used PA' = 80Fll1 
0.18 mol L-1; Solvent is CH2Cl2 or MeOH. 

1.155 Cyclopentanone, 2-(I-metbylethenyl)-

0.25 CP/Ac-18 S = Poly-RB or RB; A' = Linalool; used PA' = 80F111 
0.18 mol L-I; Solvent is CH2Cl2 or MeOH. 

2.156 Cyclopentene 

CS2 5.8 x 104 298 PULd-2 S = TPP; MI; = 5 kJ mol-I; AS; = -134 J K-I 85A167 
mol-I; studied at 183-310 K. 

MeOH 2.2 x 105 286 ? S = Poly-RB; method not reported. 81F534 

MeOH 288 CPI Ac,A' c-17 S = MB; A' = 1,6-Dimethylcyclohexene; meas. 65F028 
k/k/' = 0.33. 

:U!7 Cyclopentene, I-teTt-butyl-

CH3CN 273 CP/Ac,A'c-17 S = MB; A' = I-tert-Butylcyclohexene;meas. 81F018 
klkrA: = 14. 

%.U8 Cyclopentene, I,2-dimetbyl-

MeOH 9.5 x 106 286 ? S = Poly-RB; method not reported. 81F534 

1.1S9 Cyclopentene, I,s-dimethyl-

CHC13 1.5 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 81F445 
107 L mol-1 s-l. 

1.160 Cydopentene.l-methoyy. 

c-C6H12 2.4 x 106 PUA/d-8 S = An; A' = DPBF; MI; = -3 kJ mor l ; as; = 82A349 
-134J K-I morl ; studied at 290-340 K. 

C6HSCH3 1.2 X 107 PUA'd-8 S = An; A' = DPBF; MI.; = -4 kJ mol-I; as* = 82A349 
. -125 J K-I morl ; studied at 250-340 K. 

CH3CN 2.5 x 107 PUA'd-8 S = An; A' = DPBF; MI; = -2 kJ mol-I; as; = 82A349 
-112 J K-I morl ; studied at 250-340 K. 

CH3COCH3 1.6 X 107 PUA/d-8 S = An; A' = DPBF; MI.; = -3 kJ morl ; AS; = 82A349 
-119 J K-I mol-I; studied at 240-320 K. 

MeOH 1.3 x 107 PUA'd-8 S = An; A' = DPBF; MI; = -1 kJ morl ; as:j: = 82A349 
-114 J K-I morl ; studied at 250-310 K. 

2.161 Cyclopentene, I-methyl-

C6~ 0.018 298 CP/A'c-23 S = A' = DMA; used PA' = 3.0 X 10-4 mol L-1
• 706079 
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TABLE 2. Rate constants for intemction of singlet oxygen with ole tins. - Continued 

No. Solvent k ~ (kDlk) T Method Comment Ref. 
(Lmor i s-l) (mol L-1) (K) 

2.161 Cyclopentene, I-methyl- - Continued 

C6H6 0.018 298 CP/A'c-23 S=A/=Rub; used ~A,=3.0x lO-4 molL-I . 706079 

C6H6 0.016 298 CP/A'c-23 S = A' = DMBA; used I3A';: 7.1 X 10-4 mol L -1. 706079 

CGH6 0.018 29& CP/A'c-23 S = A' = Tetr; used J3A' = 1.7 x 10-3 molL-to 706079 

CH3CN 273 CPI Ac,A' c-17 S::MB;A' 
klk/ = 17. 

I-tert-Butylcyclohexene; meas. 81F018 

CH~CN S:: MB; A' = c-C6H9CH3; meas. kAlkA' = 7.7. 73F664 

CHC13 2.7 X 106 CP/A'c-33 S = A':: Rub; used kd = 1.7 X 104 s-1, kA,:: 5.3 x 81F445 
107 Lmorl S-I. 78AOO5 

MeOH 9.2 x 105 286 S = Poly-RB; method not reported. 81F534 

MeOH 288 CPI Ac,A/c-17 S = MB; A' = 1,2-Dimethylcyclohexene; meas. 65F028 
A' klkc = 0.13. 

MeOHl tert-BuOH CRt Ac,A' c-17 A' = 2M2B; meas. k/k/' = 0.63; 102* from 68F292 
(50:50) H20 2/Ca(OC1h· 
MeOHl tert-BuOH CPI Ac,A' c-17 S = RB; A' = 2M2B; meas. kclk/' = 1.0. 68F292 
(50:50) 

2.162 2-Cyclopenten-l-one, 3-methyl-2-pentyl. 

>2 x 102 CP/Ac-18 S = Poly-RB or RB; A' = Linalool; used ~A' ;: 
0.18 mol L-t ; Solvent is CH2Clz or MeOH. 

80F111 

2.163 2 .. Cyclopenten-l-one, 2·acetoxy·3-methyl. 

CD3COCD3 2.9 x 104 PULd-2 S=Ac. 89F079 

2.16-4 2 .. Cyclopenten-l .. one, 3·acetoxy.2-methyl-

CD3COCD3 3.6 x 104 PULd-2 S=Ac. 89F079 

2.165 2.Cyclopenten-l.one,2,3-dimethyl-

CD3COCD3 7.8 x 104 PULd-2 S=Ac. 89F079 

2.166 2.Cyclopenten-l-one, 2.etbyl.3.methyl. 

CD3COCD3 1.8 x 105 PULd-2 S=Ac. 89F079 

2.167 2.Cyclopenten.l-one,3-methoxy-Z-methyl-

CD3COCD3 7.5 x 104 PULd-2 S=Ac. 89F079 

2.168 CyduprupalU:, (d1cycluprupylllldhylid~ue). 

CH3CN 293 CP/Ac-17 S = RB; AI = TME; meas. k,lk/ = 2.1 x 10-3; 79Fl19 
c.k. with I-methylcyclohexene. 

CH3COCH3 CPI Ac,A' c-17 S=Eos;A'= 78F430 
(Dicyc1opropylmethylidene)cyc1obutane; meas. 

A' klkr = 1.0. 

2.169 Cyclopropane, 1,1 ',1" -(1-ethenyl-2-ylidene)tris-

CH3COCH3 CPI Ac,A' c-17 S =Eos; A' = 78F430 
(DicyclopropylmethyIidene)cyclobutane; meas. 
k/k/' = 0.40. 

2.170 Cyclopropane, (l-methyletbylidene). 

CH3CN 293 CP/Ac-17 S = RB; A' = TME; meas. k/k/' 5.6 x 10-3; 79Fl19 
c.k. with I-methylcyclohexene. 

2.171 1,6·Decadiene, 2,6,9.trimethyl., (E)-

EtOHl2-PrOH 0.080 (~r) 292 CP/Oc-14,27 S = RB; A' = 2,5-DMF. 78F464 
(50:50) 

I "........ t"'k....... O .... f n!:lt!:l Vnl ?4. NO.2. 1995 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

Solvent T Method Comment Ref. 
(K) 

-"";~",,"~,,..,.,..---....:.-....:.-------------------------------------------

ii'" 1,6·Decadiene, 2,6,9-trimethyl-, (Z)

EtOHl2-PrOH 
(50:50) , 

292 CP/Oc-14,27 S = RB; A' = 2,5-DMF. 

':til13 8,st.DiApo-'I'-cArotcndioic Acid, bia(6-0-Jl-D-glucopyranosyl-p-D-glucopyranosyl) cater (Crocin) 

78F464 

CHCI3/ EtOH 3 X 108 310 CRlLI-12 102* from NDP02; reported k = 1.1 X 109 L 89R188 
(50:50) mor1 s-1 using kd = 1 x lOs s-l, recalcd. using kd 90E622 

= 3.0 x 104 s-1 [92E654]. 

5.6 X 107 (Icr) 
1.8 x 109 (kq) 

308 CRlAc-? 

't174 6,6'·Diapo-'¥,'I'-carotenedioic acid (tTans~Norbixin) 

DMF 8x 109 308 CRJA'c-16 

DMF 8 x lOs (Icr) 
3 x 109 (kq) 

308 CRlA'c-? 

DMSO 4x 109 308 CRJA'c-16 

DMSO 9 x lOS <kr> 
3 x 109 (kg) 

30B CRlA'e-? 

1.'75 6,6'-Diapo-'¥,'¥-carotenedioic acid, dimethyl ester (tTans-Methylbixin) 

DMF 9x 109 308 CRlA'c-16 

DMF 2x 106 (Icr) 
6 x 109 (kQ) 

308 CRlA'c-? 

DMSO 4 x 109 308 CRJA'c-16 

DMSO 8 x 105 (kr) 

4 x 109 (kq) 

308 CRlA'c-? 

2.176 6,6'·Diapo-'¥,'¥-carotenedioic acid, dimethyl ester, '-cis- (Methylbixin) 

DMF 1.6 x 1010 308 CRlA'c-16 

DMF 2 x 106 <Icr) 
3 x 1010 (kq) 

308 CR/A'c-? 

DMSO 2.2 x 1010 308 CR/A'c-16 

DMSO 1 x 106 (Icr) 
1 x 1010 (kq) 

308 CR/A'c-? 

2.177 6,6'-Diapo-'¥,'I'-carotenedioic acid, monomethyl ester, '-cis- (Bixin) 

CHCl3 9.2 x 109 PULd-2 

CHCl/EtOH 4 x 109 210 CRlLI-12 
(50:50) 

DMF 2.0x 1010 308 CRlA'c-16 

DMF 2 x 106 (Icr) 
2 x 1010 (kq) 

308 CRlA'c-? 

DMSO 1.5 x 1010 308 CRlA'c-16 

DMSO I x 106 (Icr) 308 CRlA'c-? 
2 x 1010 (kq) 

H2O 9 x 107 (kc) 308 CRlAc-? 
pH=7.8 2 x 1010 (kg) 

87A318 

A' = DPBF; used kd = 1.4 x lOS s-l; 102* from 90A437 
MNP02• 

used kd = 1.4 x lOS s-l; 102* from MNP02• 90A437 

A' = DPBF; used kd = 5.2 X '104 s-l; 102* from 90A437 
MNP02• 

used kd "" 5.2 x 104 s-l; 102'" from MNP02' 90A437 

A' = DPBF; used kd = 1.4 X 105 s-l; 102* from 90A437 

MNP02• 

used kd = 1.4 X 105 s-l; 102* from MNP02• 90A437 

A' = DPBF; used kd= 5.2 x 104 S-l; 102* from 90A437 
MNP02• 

used kd = 5.2 X 104 s-l; 102* from MNP02. 90A437 

A' = DPBF; used kd = 1.4 X 105 s-l; 102* from 90A437 
MNP02· 

used kd = 1.4 x lOs s-l; 102* from MNP02. 90A437 

A' = DPBF; used kd = 5.2 X 104 s-l; 102* from 9OA437 
MNP02• 

used kd = 5.2 X 104 s-l; 102* from MNP02. 90A437 

S=PZ. 91E465 

10:z'" from NDPO:z. rcportcdk == 1.4 x 1010 L B9R188 
mol-I s-I using kd = 1 x lOs s-l, recalcd. using kd 90E622 
= 3.0 x 104 s-1 [92E654]. 

A' = DPBF; used ~ = 1.4 x lOs s-l; 102* from 90A437 
MNP02• 

used kd = 1.4 x lOs s-l; 102* from MNP02• 90A437 

A' = DPBF; used kd -- 5.2 x 104 s-l; 102+ fcom 90A437 
MNP02· 

used kd = 5.2 X 104 s-I; 102* from MNP02• 90A437 

used kd = 2.4 X 105 s-l; 102* from MNP02• 90A437 
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No. Solvent 

WILKINSON, HELMAN, AND ROSS 

TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

~ (kd1k) .. 
(mol L-1) 

T Method 
(K) 

Comment 

2.177 6,6'-Diapo-'¥}F-carotenedioic acid, monomethyl ester, 9-C'is- (Bixin) - Continued 

H20 (mic) 7 X 109 308 CRfA'c-16 A' = DPBF; used kd:: 2.4 x lOs S-I; 0.1 mol L-1 

pH::7.8 SDS; 102* fromMNP02• 

H20 (mic) 7 x 107 (kr) 308 CRfA'c-? used kd = 2.4 x lOS 8-1; 0.1 mol L-1 SDS; 10,* 
pH::7.8 1 x 1010 (kq) fromMNP02· 

2.178 8,8'-Diapocarotenedioic acid, mono(6.0-~-D.glucopyranosyl-~-D.glucopyranosyl) ester (emi-Crocin) 

H20 1.3 x 108 (kr) 308 CRfAc-? used kd:: 3.3 X 105 s-l; 102* from MNP02. 

pH = 7.4 5.1 x 109 (kq) 

2.179 9·cis-6,6'·Diapo.'¥,'¥-carotenedioic acid (Norbixin) 

DMF 1.7 x 1010 308 CRlA/c-16 A' = DPBF; used kd = 1.4 X 105 S-I; 102* from 
MNP02• 

DMF 2 x 106 (kr) 308 CRJA/c-? used kd = 1.4 x 105 S-I; 102* from MNP02. 

1 x 1010 (kq) 

DMSO 9x 109 308 CRlA'c-16 A' = DPBF; used kd:: 5.2 X 104 s-1; 102* from 
MNP02· 

DMSO 2 x 106 (kr) 308 CRlA'c-? used kd = 5.2 X 104 s-l; 102* from :MNP02• 

2 x 1010 (kq) 

H2O 2 x 108 (kr) 308 CRlAc-? used kd :: 2.4 X 105 s-l; 102* from MNP02• 

pH =7.8 2 x 10lD (kq) 

H20 (mic) 6x 109 308 CRlAc-16 A' = DPBF; used kd = 2.4 X 105 S-I; 0.1 mol L-1 

pH=7.8 SDS; 102* from MNP02. 

H20 (mic) 8 x 107 (kr) 308 CRJAc-? used kd = 2.4 x 105 s-l; 0.1 mol L-1 SDS; 102* 
pH =7.8 9 x 109 (kq) fromMNP02• 

2.180 4a,9a:9,10-Diethenoanthracene, 1,4,9,lO-tetrahydro-S,S-dimethoxy-

CH2C12 2.5 x 104 PRlA/d-8 S = An; A' = DPBF. 

2.181 4u,9u:9,10·Dietln.:uucUlthcacem::,1,4,9,lO-tet.ndlyili:o-

CH2C12 1.0 X 106 PRlA'd-8 S = An; A' = DPBF. 

2.182 2,3-Dioxabicyclo[2.2.2]oct-5-ene (3,6-Endoperoxycyclohexene) 

MeOH 1.5 x 102 293 CP/Oc-15 S = RB; Ea =26 kJ mol-I. 

2.183 1,4-Dioxene 

CH3COCH3 2.2 x lOS 0.18 288 CP/A'c-16 S = RB; A' = DPBF; used kd = 3.8 X 104 
S-I. 

CH3COCH3 3.6 x 105 281 S =?; A' = Car; used kA, = 3 X 1010 L morl s-l; 
meas. kAlkA' = 1.2 x 10-5• 

2.184 1,4-Dioxene, 2-(4-cyanophenyl).3-(4-dirnethylaminophenyl)-

CD3COCD3 2.3 x 107 (kr) CPI Ac,A' c-17 S:: TPP or RB; A' = TME; used k/' = 5.5 X 107 

Lmol-1 8-1• 

2.185 1,4-Dioxeue, 2,3-di(4-acetaminophc:nyl)-

CD3COCD31 1.5 x 107 (kr) CPI Ac,A' c-17 S = TPPor RB; A' = TME; used k/: = 5.5 x 107 

CD3SOCD3 (95:5) Lmol-1 S-I. 

2.186 !,4-Dioxene,2,j-di(3-chlorophenyl)· 

CH3COCH3 3.6 x 106 (kr) cPt Ac,A' c-17 S::: TPP or RB; A'::: TME; used k/' = 5.5 X 107 

Lmol-l S-I. 

2.187 1,4-Dioxelle, 2,3-di( 4-chlorophenyl)-

CH3CN 1.9 x 107 (kr) CPI Ac,N c-j7 S == TPP or RB; A' = TME; used k/' ::: 1.1 X 108 

Lmol-1 s-l. 

CH3COCH3 7.5 X 106 (kr) cPt Ac,A' c- J 7 S == TPPor RB; A' = TME; used kt ::: 5.5 X 107 

Lmol-1 8-1. 

Ref. 

90A437 

90A437 

87A318 

90A437 

90A437 

90A437 

90A437 

90A437 

90A437 

90A437 

79A457 

79A457 

68F288 

77F876 

70F733 

80FOO7 

80FOO7 

80FOO7 

80FOO7 

80FOO7 
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TABLE 2. Rate constants for interaction of singlet oxygen with ole fins. - Continued 

Solvent k ~ (kik) T Method Comment Ref. 
(L mol-1 S-I) (mol L-1) (K) 

· 111.'i 1,4-Dioxene, 2,3-di( 4-dimethylaminophenyl). 

CD3COCD3 3.7 x 108 (kr) cPt Ac,A' c-17 S = TPPor RB; A' = TME; used krA' = 5.5 X 107 

Lmor1 S-I. 

80FOO7 

· IS'I 1 ,4-Dioxene, 2,3.di(4.hydroxyphenyl)· 

CD3COCD3 6.5 x 107 (kr) cPt Ac,A' c-17 S = TPP or RB; A' = TME; used kr A' = 5.5 X 107 

Lmol-1 s-l. 
80FOO7 

1'10 1,4-Dioxene,2,3-di(3-methoxyphenyl)-

CH3COCH3 1.0 x 107 (kr) CPt Ac,A' c-17 S = TPP or RB; A' = TME; used k/' = 5.5 X 107 80FOO7 
Lmol-1 S-I. 

, 1'/1 1,4-D1oxene, l,3-d1(4·metlluxyphellyl)-

CD3CN 1.3 x 108 (kr) CPt Ac,A' c-17 S = TPP or RB; A' = TME; used k/ = 1.1 X 108 

Lmorl s-I. 
80FOO7 

CHjCOCHj 1\.2 x 107 (kr) CP/Ac,A'c-17 S = TPPorRR; A' =TMR; used k/: = 5.5 x 107 ROFOO7 
Lmol-1 s-I, 

· I').~ I ,4-Dioxene, 2-(4·dimethylaminophenyl).3-phenyl· 

CD3COCD3 7.5 x 107 (kr) cPt Ac,A/0-17 S ... TPP or RB; A' ." TME; used k/' ." 5.5 x 107 

Lmorl S-I. 
80FOO7 

, 1')\ 1,4-Dioxene,2,3-di(4-methylphenyl)· 

CH3COCH3 2.9 x 107 (kr) CPt Ac,A' c-17 S = TPP or RB; A' = TME; used kr A' = 5.5 X 107 80FOO7 
Lmol-1 s-l. 

.' 1')·1 I ,4-Dioxene, 2,3-diphenyl-

CH3CN 1.7 x 107 298 PULd-2 S=DCA. 91A311 

CH3COCH3 1.6 x 107 (kr) CPt Ac,A' c-17 S = TPPor RB; A' = TME; used kr A' = 5.5 X 107 80FOO7 
Lmol-1 s-l. 

CH3COCH3 1.3 X 107 (kr) 281 S = ?; A' = 1,4-Dioxene; used kA, = 2.2 x lOS L 70F733 
mol-1 s-I; meas. kJ!kfl: = 58. 

.' I')S 1,4-Dioxene, 2-( 4-methoxyphenyl).3-phenyl • 

CH3COCH3 2.7 x 107 (kr) CPI Ac,A' c-17 S = TPP or RB; A' = TME; used krA' = 5.5 X 107 

Lmol-I S-I. 
80FOO7 

.'.. Pill 1,4-Dioxene,2,3,5,6-tetraphenyl • 

C6~ 1.5 x 107 (kr) CPtPa-17 S A; A' = TME; used krA' = 4 X 107 L mol-1 79A241 
s-l; P = Benzil. 

1..I'n l,3-Dioxolane, 4,5-diethylidene.2,2.dimethyl., (E,z) 

CH2C12 2.3 x 107 CP/A'c-16 S = MPDME; A' = DPBF; used kd = 1 x 104 S-I, 87A035 

}.IW~ l,3-Dioxolane, 4,s-diethylidene-2,2-dimethyl., (Z,z) 

CHzClz 3.2 x 107 CP/A/c-16 S = MPDME: A' = DPBF: used kd = 1 X 104 s-l. 87A035 

2.199 l,3-Dioxole 

CH3COCH3 1.2 x 107 3.3 X 10-3 288 CP/A'c-16 S = RB; A' = DPBF; used kd = 3.8 X 104 s-I. 77F876 

..'..200 Docosahexaenoic acid 

CCl4 1.5 x lOS MPILI-12 S = TPP; used kd = 42 s-l. 83E425 
83F151 

1..201 4,S-Dodecadiene,4,S.dimethyl. 

MeOH 6.9 x lOS (kr) 253 CP/Oc-14,27 S = RB; A' = Cl-Terpinene; used kd = 1.1 x lOS 78A344 
S-I. 
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TABLE 2. Rate constants for interaction of singlet oxygen with ole fins. - Continued 

No. Solvent k ~ (kctlk) T Method Comment 
(L mol-I s-I) (mol L-1) (K) 

2.202 4,S-Dodecadiene, 4,S-dimethyl-, (E,E)-

MeOH 1.1 x 106 (kr) 253 CP/Oc-14,27 S = RB; A' = a-Terpinene; used kd = 1.1 X 105 
-I s . 

2.203 4,8-Dodecadiene, hydroperoxy-4,S-dimethyl-

MeOH 3.8 x 105 (kr) 253 CP/Oc,Ac,Pa- S = RB; A' = a-Terpinene; used kd = 1.1 X 105 
14,27 -1 s . 

2.204 (E,E}-8,10-Dodecadienol 

C6HsCII2-PrOH 5.7 x lOs 273 CRlLI-12 used kd =4.1 x 104 S-I; 102* from hydrotrioxide, 
(90:10) e.g. (CH3hC(OH)000H. 

2.205 2,4,6,8,lO-Dodecapentaene-l,12-dione, 1,12-bis(3-hydroxy-l,2,2~trimethylcyclopentyl)-4,7 -dimethyl· [lR· 
[la[2E,4E,6E,8E,lOE,12(lR*,3R*)],3a]· (C30-Capsorubin) 

CRlLI-12 

2.206 2,4,6~,10-Dodecapentaene-l,12.dione, 1,12-bis(3.hydroxy.l,2,2-trimethylcyclopentyl)-4,7-dimethyl- [lR. 
[1 a[2E,4E,6E,8E,lOE,12(lR* ,3R*) ],3~]- (C30-Epiisocapsorubin) 

CHCl3 <1 x 107 CRlLI-12 used kd = 3.0 X 104 s-l; 102* from NDP02• 

2.207 2,4,6,S,lO-Dodecapentaene.l,12-dione, 1,12-bis(4-hydroxy·l,2,2-trimethylcyclopentyl)-4,7.dimethyl- [1R
[la[2E,4E,6E,8E,10E,12(1R*,4R*)],4~]- (C30-Isocapsorubin) 

CHC13 <1 x 107 CRlLI-12 used kd = 3.0 X 104 S-I; 102* from NDP02. 

2.208 2,6,lO·Dodecatriene, dihydroperoxy-2,6,10-trimethyl. 

MeOH 6 x lOs (kr) 

2.209 2,6,lO·Dodecatriene, hydroperoxy.2,6,lO-trimethyl-

MeOH 1.2 x 106 (kr) 

2.210 2~6,10-Dodecatriene, 2,6,lO-trimethyl· (TMDT) 

MeOH 2.0 x 106 0.055 

253 CP/Oc,Pa-17 S = RB; A' = TMDT; used k/' = 2.0 x 106 L 
mol-1 s-l. 

253 CP/Oc,Pa-17 S = RB; A' = TMDT; used k/ = 2.0x 106 L 
mol-1 s-l. 

253 CP/Oc,Pa-15 S = RB; used kd = 1.1 X lOS s-l. 

2.211 4,6,S,lO,12,14,16-Eicosahcptacnc-3,18-dionc, 8,13-dimcthyl-2,2,19,19-tctramdhoxy- (all-E) (C1z-Polycnc-tdronc-diaccta.l) 

CHCl3 -2 x 109 CRlLI-12 used kd = 3.0 X 104 S-l; 102* from NDP02• 

2.212 5,S,11,14-Eicosatetraenoic acid (Arachidonic acid) 

CCl4 1 x lOS MP/LI-12 S = TPP; used kd = 42 S-l. 

2.213 5,8,11,14·Eicosatetraenoic acid, methyl ester (Methyl aracbidonate) 

CsHsN 2.4 x 105 (kr) CP/Ac,A/c-17 S:::: pp; A' = Cholesterol; used kd = 6 X 104 s-l; 
meas. k/k/ = 3.5, PA' = 0.89 mol L-1

. 

2.214 S,8,11,14.Eicosatetraenoic acid, phenyl ester (phenyl arachidonate) 

CD30D 1.2 x 105 PULd-2 S=MB andRF. 

2.215 Ethanol~ 2-cyclododecylidene-

MeOHl H20 (95;5) 0.34 CP/Oc-15 S = RB; Soln. contg. 1% sodium nccto.te. 

2.216 Ethanoi,2.cyclohexylidene-

MeOHl H20 (95:5) 0.43 CP/Oc-15 S:::: RB; Soln. contg. 1% sodium acetate. 

2.217 Ethanol,2-cyclooctylidene. 

MeOHl H20 (95:5) 0.06 CP/Oc-15 S:::: RB: Soln. contg. 1% sodium acetate. 

2.218 Ethanol, Z-cyciopemylidene· 

MeOHI H20 (95:5) 0.02 CP/Oc-15 S ::::: RB; Soln. contg. 1 % sodium acetate. 

Ref. 

78A344 

78A344 

90M125 

92R054 

92R054 

92R054 

83A078 

83A078 

83A078 

92R054 

83E425 
83F151 

743115 

88A165 

79F137 

79F137 

79F137 

79F137 
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TABLE 2. Rate constants for interaction of singlet oxygen with ole fins. - Continued 

.~ 

Nt], Solvent k ~ (kik), T Method Comment Ref. 
(Lmor l s-l) (mol L-I) (K) 

U19 Ethanol, 1-(2-methylene-3,5-cyclohexadienylidene)- (2-Methylacetophenone enol) 

CH3CN _109 PULd S = OMAPB; estd. from obs. lifetimes for 89A241 
different laser doses. 

1J1O Ethanol, I-tricyclo[3.3.1.13,7]decylidene-, acetate (l-Adamantylideneethyl acetate) 

CD3COCD3 4.5 x 104 296 PULd-2 S=MB. 86F219 

Ull Ethene,l,l-diethoxy-

C6H6 2.6 x 105 0.15 288 CP/A'c-16 S = RBCE; A' = DPBF; used kd = 4.2 X 104 S-I. 77F876 

CH3COCH3 <1 x 104 (kc> 279 CPI Ac,A' c-17 S = RB; A' = l,4-Dioxene; No measurable 77F876 
reaction of A. 

CH3COCH3 4.6 X 105 0.083 288 CP/A'c-16 S = RB; A' = DPBF; used kd = 3.8 x 10" S-I. 7Tf'876 

2..222 Ethene, l,2-diethoxy-, (E)-

CH3COCH3 2.6 X 107 ("-r) 279 CPI Ac,A' c-17 S = RB; A' = (2)-1,2-Diethoxyethene; used Icr A' = 77F876 
5.7 x 107 Lmol-l S-I; meas. k/IcrA ' = 0.46. 

CH3COCH3 4.7 x 107 8.1 X 10-4 288 CP/A'c-16 S = RB; A' = DPBF; used kd = 3.8 X 104 S-I. 77F876 

CH3COCH3 1.0 x 107 ("-r) 281 7 S = 7; A' = 1,4-Dioxene; used kA' = 2.2 X 105 L 
rnol-1 8-1; rneas. kAlkA';;;;;; 46. 

70F733 

1.223 Ethene, l,2-diethoxy-, (2)-

CH3COCH3 4.4x 107 8.6 x 10-4 288 CP/A'c-16 S = RB; A' = DPBF; used kd = 3.8 X 104 s-l. 77F876 

CH3COCH3 5.7 x 107 (kr) 279 CPI Ac,A' c-17 S = RB; A' = TME; used k/' = 5.4 X 107 L morl 77F876 
S-I; meas. k/k/' = 1.1; Found "-r::t> kq• 

CH3COCH3 3.3 X 107 (kc) 281 ? S = 7; A' = 1,4-Dioxene; used kA' = 2.2 x lOs L 70F733 
morl s-l; meas. kAlkA' = 1.5 X 102• 

1.224 Ethene, ethoxy-

C6~ 2.3 x lOs 0.18 288 CP/A'c-16 S = RBCE; A' = DPBF; used kd = 4.2 X 104 s-I. 77F876 

CH3COCH3 3.1 x 104 (kr) 279 CPI Ac,A' c-17 S = RB; A' = 1,4-Dioxene; used "-r A' = 2.2 X 105 77F876 
Lmol-l s-l; meas. k/k/' = 0.14; Found kr::t>kq. 

CH3COCH3 4.3 X 104 0.88 288 CP/A'c-16 S = RB; A' = DPBF; used kd = 3.8 X 104 8-1• 77F876 

CH3COCH3 5.7 x 104 (kc) 281 ? S = 7; A' = 1,4-Dioxene; used kA' = 2.2 X 105 L 
mol-l s-l; meas. kAlkA' = 0.26. 

70F733 

U25 Ethene, tetraethoxy-

C6~ 7.4 X 107 5.7 X 10-4 288 CP/A'c-16 S = RBCE; A' = DPBF; used kd = 4.2 X 104 S-I. 77F876 

CH3CN 4.3 x 107 7.7 X 10-4 288 CP/A'c-16 S = RB; A' = DPBF; used kd = 3.3 X 104 8-1• 77F876 

CH3COCH3 4.6 x 107 (kr) 279 CPI Ac,A' c-17 S = RB; A' = TIdE; used "-r A' = 5.4 X 107 L mol-1 77F876 
s 1; meas.lc/k/' = U.8:>; l'bund kr» kq. 

CH3COCH3 4.5 X 107 8.5 X 10-4 288 CP/A'c-16 S = RB; A' = DPBF; used kd = 3.8 X 104 s-l. 77F876 

CHC13 7.6 x 107 2.2 X 10-4 288 CP/A'c-16 S = MB; A' = DPBF; used kd = 1.7 X 104 s-l; 77F876 
Solvent contained 1 % EtOII. 

1.226 Ethene,l,l,2-triethoxy-

CH3COCH3 1.2 x 108 3.1 X 10-4 288 CP/A'c-16 S = RB; A' = DPBF; used ~ = 3.8 X 104 s-l. 77F876 

1.227 2-Furanone, 3-(1-methylethylidene)-

0.65 CP/Ac-18 S = Poly-RB or RB; A' = Linalool; used ~A' = 
0.18 mol L -1; Solvent is CH2Cl2 or MeOH. 

80Fl11 

2.228 I-Heptene 

CCli MeOH (96:4) 2x 103 PUA'd-8 S = MB; A' = DPBF. 777162 

2.229 (2)-2-Heptene 

MeOH 1.3 x 105 286 S = Poly-RB; method not reported. 81F534 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

~ (kd/k) 
(riIOI L -1) 

T Method 
(K) 

Comment Ref. 

2.230 (all-E)·I,3,5,7 ,9,11,13,15,17 ,19,21,23,25·Hexacosatridecaene, 3,7 ,11,16,20,24-hexamethyl.l,26·bis(2,6,6·trimethyl.l.cyclohexyI· (Decapreno· 
J3-carotene) 

C6H5CH3 2.1 X 1010 PULd-2 S = Pl. 91E465 

2.0 X 1010 

2.2 X 10° 

PULd-2 

PUPCd-2 

S=Pz. 

S=An. 

91E465 

80A143 

2.231 2,4,6,8,10,12,14-Hexadecaheptaene-l,16-dione, 1,16-bis(3-hydroxy-l,2,2-trimethylcyclopentyl)-6,II-dimethyl- [IR. 
[la[2E,4E,6E,8E,10E,12E,14E,16(IR* ,3S*)],3J3]. (C34-Capsorubin) 

CHCl3 -2 x 109 CRlLI-12 used kd = 3.0 X 104 s-I; 102* from NDP02. 92R054 

2.232 2,4,6,8,10,12,14-Hexadecaheptaene-l,16-dione, 1,16-bis(4-hydroxy·l,2,2-trimethylcyclopentyl)-6,II-dimethyl- [lR
[la[2E,4E,6E,8E,10E,12E,14E,I6(lR*,4S*)],4J3]- (C34-Epiisocapsorubin) 

CHCl3 -2 x 109 CRlLI-12 used kd = 3.0 X 104 s-l; 102* from NDP02. 92R054 

2.233 4,6,8,10,12-Hexadecapentaene-3,14-dione, 6,11-dimethyl-2,2,15,IS-tetramethoxy- (all-E) (C1s-Polyene-tetrone-diacetal) 

CHC13 <1 x 107 CRlLI-I2 used kd = 3.0 X 104 s-I; 102* from NDP02• 92R054 

2.234 4,6,8,10,12-Hexadecapentaene-2,3,14,15-tetraone, 6,1l-dimethyl- (all-H) (CIS-Polyene-tetrone) 

CHCl3 -1 x 107 CRlLI-12 used kd = 3.0 X 104 s-I; 102* from NDP02• 92R054 

2.235 2,6,10,14-Hexadecatetraene, 2,6,10,14-tetrametbyl-

MeOH 2.2 x 106 0.05 83A078 

2.236 2-Hexadecene, l-ethoxy-3,7,1l,15-tetrametbyl- (Ethyl phytyl ether)' 

EtOH 3.0 <J3r) CP/Pa,P'a-17 S = RB; A' = c-C6H9CH3; used 13/' = 1.5 x 10-3 

molL-I. 
86F091 

Z.237 Z-Hexadecene, I-metboJ(y-3,7,11,15-tetramethyl- (?dethyl phytyl ether) 

EtOH 

2.238 2-Hexadecen-l-ol, 3,7,1l,15-tetramethyl. (phytol) 

EtOH 1.3 (~r) 

CPIPa,P'a-17 S = RB; A' = c-C6H9CH3; used (3/' = 1.5 X 10-3 86F091 
molL-I. 

CPlPa,P'a-17 S = RB; A' = c-C6H9CH3; used ~/' = 1.5 x 10-3 86F091 
molL-I. 

2.239 2-Hexadecen-l-ol, 3,7,1l,15-tetramethyl-, acetate (phytyl acetate) 

EtOH 

2.240 l,5-Hexadiene 

CCV MeOH (96:4) 2x 103 

2.241 (E,E)-2,4-Hexadiene 

CCli MeOH (96:4) 2 x 104 

CHC13 2.4 X 105 

2.242 (E,2)-2,4-Hexadiene 

CHCl3 1.0 x 105 

2.243 2,4-Hexadiene, 2,5-dimethyl- (DMHD) 

C6H6 1.8 x 105 (kr) 
1.8 x 106 (kl.j) 

J. Phys. Chern. Ref. Data, Vol. 24, No.2, 1995 

0.24 (~r) 

CP/Pa,P'a-17 S = RB; A' = c-C6H9CH3; used ~/' = 1.5 x 10-3 86F091 
mol L-1• 

PUA'd-8 

PUA'd-8 

CP/A'c-33 

CP/A'c-33 

286 CP/Oc-29 

S = MB; A' = DPBF. 777162 

S = MB; A' = DPBF. 777162 

S'= A' = Rub; used kd = 1.7 X 104 s-1, kA, = 5.3 x 81F445 
107 L mor1 s-l. 

S = A' = Rub; used kd = 1.7 X 104 
S-1, kg = 5.3 x 81F445 

107 L mor1 S-I. 

S = TPP; A' = 2,5-DMF; used kd = 4.2 X 104 s-1; 84F335 
mea.<;. ki~ = 9.74: for formation of products (2) 
3,3-dimethyl-2-(2~methyl~ 1-propenyl)-1 ,2-
dioxetane, (3) 2,5-dimetbyl-3-bydroperoxy-l,4-
hexadiene, (4) 1,2-dioxa-3,3,6,6-tetramethyl-4-
cyclohexene, (5) trans-2,5-dimethyl-5-
hydroperoxy-l,3-hexadiene, kr = 0.05,0.59,0.34 
and 0.81 x 105 Lmol-1 s-l, resp. 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

~'#'.:-':"::" ... ' 

~. Solvent k ~ (kik) T Method Conunent Ref. 
(Lmol-l S-I) (mol L .... l) (K) 

-'fr..::;~,*~~-

~"l 2,4-Hexadiene, 2,5-dimethyl- (DMHD) - Continued 

C6H6 4x 106 PuLd-2 S=MPDME. 83F195 
83F196 

C6H6 <2.5 x 105 (kr) 295 CP/Ac-17 S = RB; A' = 2M2P; used krA' = 7.2 x lOs L 83F196 
mol-l 5-1; for fonnation of 3-hydroperoxy-2,5-
dimethyl-l,4-diene kr = 1.4 X 105 L morl 5-1. 

CCI4 1.0 X 105 (kr) 0.014 (~r) 286 CP/Oc-29 S = TPP; A' = 2,5-DMF; used kd = 1.4 X 103 s-l; 84F335 
9.8 x 105 (kq) meas. kq/kr = 9.81; for formation of products (2) 

3,3-dimethyl-2-(2-methyl-l-propenyl)-1,2-
dioxetane, (3) 2,5-dimethyl-3-hydroperoxy-l,4-
hexadiene, (4) 1,2-dioxa-3,3,6,6-tetramethyl-4-
cyclohexene, (5) trans-2,S-dimethyl-S-

hydroperoxy-l ,3-hexadiene, kr = 0,(17, 0.25, 0.23 
and 0.42 x lOs L mol-l S-l, resp. 

CH2Cl2 8.6 x lOs (kr) 0.011 (~r) 286 CP/Oc-29 S = TPP; A' = 2,5-DMF; used kd = 9.5 X 103 5-1; 84F335 
1.9 x 106 (kq) meas. kqf"r = 2.21; for formation of products (2) 

3,3-dimethyl-2-(2-methyl-l-propenyl)-1,2-
dioxetane, (3) 2,5-dimethyl-3-hydroperoxy-l,4-
hexadiene, (4) 1.2-dioxa-3.3,6.6-tetramethyl-4-
cyclohexene, (') rrans-2,'-dimethyl-'-
hydroperoxy-1,3-hexadiene, kr = 0.26,5.5,0.34 
and 2.5 x 105 L mol-l 5-1, resp. 

CH2Cl2 5 x 106 PLILd-2 S=MPDME. 83Fl95 
83F196 

CH2CI2 1 x 106 (kr) 295 CP/Ac-17 S = RB; A' = 2M2P; used k/ = 9.7 x lOs L 83F196 
mol-l s-l; forfonnation of 3-hydroperoxy-2,5-
dimethyl-l,4-diene kr= 1.3 X 106 L mol-l s-l. 

CH2Cl2 CPIPa,P' a-I7 S = 1; A' = c-C6H9CH3; meas. k/kr A' = 5.0. 73F662 

CH3CN 1.4 x 106 (kr) 0.024 CPr) 286 CP/Oc-29 S = TPP; A' = 2,5-DMF; used kd = 3.3 X 104 s-l; 84F335 
1.3 x 106 (kq) meas. kikr= 0.91; for formation of products (2) 

3,3-dimethyl-2-(2-methyl-l-propenyl)-1.2-
dioxetane, (3) 2,5-dimethyl-3-hydroperoxy-I,4-
hexadiene, (4) I,2-dioxa-3,3,6,6-tetramethyl-4-
cyclohexene, (5) trans-2,5-dimethyl-5-
hydroperoxy-l,3-hexadiene, kr = 0.41, 12.3,0.55 
and 0.55 x lOs L morl 5-1, resp. 

CH3CN 5.2 x 106 0.029 CP/A/c-16 S = RB; A' = DPBF; used kd = 1.5 x lOs s-l. 83F195 

CH3CN 6.3 x lOG PLILd-2 S=MPDME. 83F195 
83Fl% 

CH3CN 1.6 x 106 (kr) 295 CP/Ac-17 S = RB; A' = 2M2P; used lcr A' = 1.2 X 106 L 83F196 
mol-1 s-l; forfonnation of~-hydroperoxy-25-
dimethyl-I,4-diene lcr = 1.7 x 106 L morl S-I. 

CH3CN CP/Pa,P' a-I7 S = ?; A' = c-C6H9CH3; meas.lcrIlcr A' = 6.3. 73F662 

CH3COCH3 7.4 x 105 (kr) 0.051 (~r) 286 CP/Oc-29 S = TPP; A' = 2,5-DMF; used kd = 3.8 X 104 s-1; 84F335 
1.1 x lOb (kq) meas. kikr = 1.44; for formation of products (2) 

3,3-dimethyl-2-(2-methyl-l-propenyl)-1,2-
dioxetane, (3) 2,5-dimethyl-3-hydroperoxy-1 ,4-
hexadiene, (4) I,2-dioxa-3,3,6,6-tetramethyl-4-
cyclohexene, (5) trans-2,5-dimethyl-5-
hydroperoxy-I,3-hexadiene, kr = 0.59,6.2,0.22 
and 0.37 x lOs L mol-1 s-l, resp. 

CH3COCH3 3.9 x 106 295 PLILd-2 S=MPDME. 83F195 
83F196 

J. Phys. Chern. Ref. Data, Vol. 24, No.2, 1995 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(Lmorl s-l) (mol L-1) (K) 

2.243 2,4-Hexadiene, 2,5-dimethyl- (DMHD) - Continued 

CH3COCH3 7 x lOs (kr) 295 CP/Ac-17 S = RB; A' = 2M2P; used Icr A' = 8.1 x lOs L 83F196 
morl S-I; MI:f; = -<>.96 kJ morl ; dS:f; =-138] 
K-1 mol-I; studied at 195-295 K; for f~)fmation 
of 3-hydroperoxy-2,5-dimethyl-1.4-diene kr = 
3.4,2.5 and 3.2 x lOs L mol-I s-1 at 295,241 and 
195 K, resp. and MI:f; = 1.7 kJ mol-1 and AS:f; = 
-146 J K-1 morl. 

CH3COCH3 CPIPa,P' a-17 S = 1; A' = c-C6H9CH3; meas.1crl1cr A' = 3.2. 73F662 

CH3COCH31 H2O CPIPa,P' a-17 S = 1; A' = c-C6H9CH3; meas.lcrlk/' = 13. 73F662 
(75:25) 

CHCI3 4.8 x lOs (kr) 8.3 x 1 0-3 (~r) 286 CP/Oc-29 S = TPP; A' = 2,5-DMF; used kd = 4.0 X 103 s-l; 84F335 
9.0 x lOs (kq) meas. kq/1cr = 1.86; forformation of products (2) 

3,3-dimethyl-2-(2-methyl-l-propenyl)-1,2-
dioxetane, (3) 2,5-dimethyl-3-hydroperoxy-l ,4-
hexadiene, (4) 1,2-dioxa-3,3,6,6-tetramethyl-4-
cyclohexene, (5) trans-2,5-dimethyl-5-
hydroperoxy-l,3-hexadiene, Icr= 0.14, 2.98, 0.29 
and 1.45 x lOs Lmor1 s-l, resp. 

CHCl3 5.3 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 
S-l, kA' = 5.3 x 81F445 

107 L mor1 s-1. 

MeOD 2.6 x 106 PULd-2 S=MPDME. 83F196 

MeOH 2.4 x 106 (Icr) 0.059 (~r) 286 CP/Oc-29 S = TPP; A' = 2,5-DMF; used kd = 1.4 x lOs S-l; 84F335 
1.1 x 106 (kq) meas. kikr = 0.45; for formation of products (2) 

3,3-dimethyl-2-(2-methyl-l-propenyl)-1,2-
dioxetane, (3) 2,5-dimethyl-3-hydroperoxy-l.4-
hexadiene, (4) 1,2-dioxa-3,3,6,6-tetramethyl-4-
cyclohexene. (5) trans-2,5-dimethyl-5-
hydroperoxy-I,3-hexadiene, (6) trans-2,5-
ctimethyl-l-hyctroperoxy-5-methoxy-~-hexene, ~ 

= 12.8,5.1,0.96,0.48 and 4.8 x lOs L mol-1 8-1, 

resp. 

MeOH 2.6 x 106 0.042 CP/A'c-16 S = RB; A' = DPBF; used kd = 1.1 x lOs s-l. 83F195 
83Fl9G 

MeOH 3 x 106 (kr) 295 CP/Ac-17 S = RB; A' = 2M2P; used Icr A' = 2.0 X 105 L 83F196 
morl S-l; Mit =2.7 kJ mol-I; i.\S:f; =-115 J K-I 

mOrl; studied at 195-295 K; forformation of 3-
hydroperoxy-2,5-dimethyl-1 ,4-diene kr = 2.9, 1.0 
and 0.28 x lOs L mol-1 S-l at 295,241 and 195 
K, resp. and tJf:f; = 9.2 kJ mol-l and as:f; = -113 
JK-1 mOrl. 

MeOH 2 x 106 PUA'd-5 S = MB; A' = DPBF. 727260 

MeOH CP/Pa.P' a-17 S = 1; A' = c-C6H9CH3; meas.lcrlk/' = 28. 73F662 

MeOHlH2O CP/Pa,P' a-I7 S::: 1; A~ = c-C/;H<)CU~; meas. kjk,A' = 29. 73F662 
(88:13) 

2.244 2-Hexene 

MeOH 2RR C.P/Ac,A'c-17 S = MB; A' = c-CsHs: meas. k/kr A' = 0.56. 65F028 

2.245 (E)-3.Hexene 

CS2 7.7 x 103 298 PULd-2 S = TPP; Ill/; = 2 kJ mOrl; i.\St = -163 J K-1 85A167 
mol-I; studied at 1&3-310 K. 

2.246 (Z)-3-Hexene 

CHC13 3.5 x 104 0.14 CP/Oc-14,27 S = MB; used kd::: 4.4 X 103 S-I; obs. rate of 88A026 
3.1 x 104 (kr) oll.ygcn consumption as a ratio with Thffi; ealen. 

4 X 103 (kq) involves kq{MB) = 6.4 x 106 L mor1 s-l. 

CS2 3.9 X 104 298 PULd-2 S = TPP; MI:f; = 8 kJ mol-I; i.\S:j: = -130 J K-1 85A167 
mol-I; studied at 183-310 K. 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. ~ Continued 

·''j.ii\;jCIil$ 

,~; Solvent T Method Comment Ref. 
(K) 

~~~-,~~~~-----------------------------------------------------------------------------------

W41 Jndole, I-metbyl-3.(~-metboxyvinyl)- (E) 

CD2Cl2 

;~ Indole, I-metbyl-3-(p-methoxyvinyl)- (Z) 

C02Cl2 

.~ Indole, 1-(phenylsulfonyl)-3-(p-methoxyvinyl)- (Z) 

C02Cl2 

~ L,l."Upt:uc:, (all-E)-

n-C6Ht4 1.9 x 1010 

C6HsCH3 1.8 x 1010 

C6~ 1.7 x 1010 

~~MeOH 
(80:20) 

CC14 1.'1 x 1010 

CH2C12 6.9 X 109 1.4 X 10-6 

CHC13 9x 109 

CHC13 1.9 x 1010 

CHC13/EtOH 1.8 x 1010 
(50:50) 

CHC13tEtOH 9x 109 

(50:50) 

2.251 Lycopene,dihydroxy· 

C6~ 5.1 x 109 

l.252 Methacrylic acid 

C6D6 4.7 x 103 

195 CPIPa,P'a-17 S = TPP; A' = E-l-(phenylsulfonyl)-3-(p~ 
methoxylvinyl)indole; meas. k/k/' = 5. 

195 CPIPa,P'a-17 S = TPP; A' = E-1-Methyl-3-<P
metboxylvinyl)indole; meas. k/k/'= 4.1. 

195 CPIPa,P' a-17 S = TPP; A' = E-l-(Phenylsulfonyl)-3-(P
methoxylvinyl)indole; meas. k/k/ = 5.2. 

PULd-2 S=Pz.. 

PULd-2 S=Pz.. 

PULd-2 S=PL. 

CP/P'a-20 S = MB; A' = 2M2P; meas. kAlkA' = 1.5 X 104
• 

PULd-2 S ..... Pz. 

293 CP/Oc-19 S = ChI a; A' = Soybean oil; used kd = 1.0 x 104 

S-I. 

CRlLI-12 used kd = 3.0 X 104 s-l; 102* from NDP02. 

PULd':'2 S=Pz.. 

PULd-2 S = Pz.; Soln. cont. 1 % H2O. 

310 CRlLI-12 102* from NDP02; reported k = 3.1 X 1010 L 
mol-I s-I using kd = 1 x 105 S-I, recalcd. using kd 

= 3.0 x 104 s-1 [92E654]. 

PUpCd-l1 S=An. 

PULd-2 S=TPP. 

U53 2,5-Methano-l,3-dithiolo[4,5-d][1,3]ditbiin, dihydro-2,3a,5-trimethyl-7-methylene-

CHCl3 1.2 x lOs 29.5 CULl-l 2 S = An; used kd = 4.9 X 103 s-1. 

l.2S4 4,7 -Methanoindene, 4,5,6,7 -tetrabydro- (lsodicyclopentadiene) 

CD3COCD3 1.5 x 108 195 CP/A/c-16 S = RB; A' = DPBF; kd not given. 

2.255 Methanol, cyclohexylidene-, acetate 

C03COCD3 7.5 x 104 298 PULd-2 S=MB. 

CD30D 4.8 x 104 298 PULd-2 S=MB. 

2.256 Methanol, I-tricyclo[3.3.1.13,7]decylidene-, acetate (Adamantylidenemethyl acetate) 

CD3COCD3 3.4 x 104 296 PULd-2 S=MB. 

CD3COCD3 2.7 xl04 (kr) 296 CP/Pa-17 S = MB; A' = 2M2P; used k/' = 8.1 x 105 L 
morl S-I. 

CD30D 2.1 x 104 298 PULd-2 S=MB. 

2.257 1,4-Methanonaphthalene, 5,8-dimethoxy-l,2,3,4-tetrahydro-9-isopropylidene-

CH2C12 4.3 x 106 PUA'd-8 S = An; A' = DPBF. 

2.258 1,4-Methanonaphthalene, 5,6,7,8-tetrachloro-l,2,3,4-tetrahydro-9-isopropylidene-

CH2C12 9.6 x 104 PUA'd-8 S = An; A' = OPBF. 

93F367 

93F367 

93F367 

91E465 

91E465 

91E465 

707188 

91E465 

90R128 

92R054 

91E465 

91E465 

89R188 
90E622 

80A143 

89A331 

9UF473 

87A368 

85A167 

85A167 

86F219 
85A167 

86F219 

85A167 

81A437 

81A437 

J. Phys. Chem. Ref. Data, Vol. 24, No.2, 1995 



728 

No. Solvent 

WILKINSON, HELMAN, AND ROSS 

TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

P (kik) 
(mol L-1) 

T Method 
(K) 

Comment 

2.259 1,4-Methanonaphthalene, 5,6,7,S-tetraftuoro-l,2,3,4-tetrahydro-9-isopropylidene-

CH2Cl2 5.2 x 104 PUA'd-8 S = An; A' = DPBF. 

2.260 1,4-Methanonaphthalene, 1,2,3,4-tetrahydro-9-isopropylidene-

Ref. 

81A437 

CH2Cl2 1.4 x 105 PUA'd-8 S = An; A' = DPBF. 81A437 

2.261 Naphthalene, 1,2,3,4,5,6,7,S-octahydro- (.6.9,10 -Octalin) 

CHCl3 5.0 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 S-I, kA, = 5.3 x 78AOO5 
107 L mol-I s-I. 

2.262 2,4,6,8-Nonatetraenoic acid, 9-(4-methoxy-2,3,6-trimethylphenyl)-3,7-dimethyl-, ethyl ester, (all-E)-

CCl4 2 X 107 CULI-12 S = TPP; used kd = 1 X 103 s-I. 85F667 

2.263 I-Nonene 

MeOH 288 CP/Ac,A'c-17 S = MB; A' = c-C6H lO; meas. klkt = 0.1. 65F028 

2.264 9,ll-Octadecadienoic acid (Linoleic acid) 

7.3 X 104 

4.2 X 104 

7.9 X 104 

2.8 x 105 

2.265 9,12-0ctadecadienoic acid, methyl ester (Methyllinoleate) 

CsHsN 1.3 x 105 (kr) 

EtOH 

3.8 X 104 (ler) 
9.5 x 103 (kq) 

0.36 

2.266 9,12-0ctadecadienoic acid, phenyl ester (phenyllinoleate) 

MeOD 5.5 x 104 

MeOD 

2.267 9,12,15-0ctadecatrienoic acid (Unolenic acid) 

C6D6 1.0 x 105 

CCl4 8 X 104 

6.4 x 105 

PULd-2 

MP/LI-12 

PULd-2 

298 CP/Ac-14 

CP/Ac,A'c-17 

293 CP/0c-14,27 

293 CP/Pa-15 

PULd-2 

298 PULd-2 

PULd-2 

MPILI-12 

298 CP/Ac-14 

2.268 9,12,15-0ctadecatrienoic acid, ethyl ester (all-Z)- (Ethyllinolenate) 

CHCl3 5.3 x 104 (kr> 0.082 CPr) 293 CP/Oc-14,27 
1.1 x 104 (kq) 

2.269 9,12,15·0ctadecatrienoic acid, methyl ester (Methyllinolenate) 

CsHsN 1.6 x 105 CP/A'c-23 

S=TPP. 

S = TPP; used kd = 42 s-I, 

S = H2 TPPS"-. 

S = RF(OAc)4; used kd = 3.3 X 104 S-I, 

S = PP; A' = Cholesterol; used kd = 6 X 104 s-l; 
meas. kller A' = 2.0, PA' = 0.89 mol L -I. 

S = MB; used kd = 4.4 X 103 s-I; meas. keller = 
0.26; obs. cjlOlt TME/cjlo/; cor. for kq(MB). 

S = MB; P = Methyl linoleate 
monohydroperoxide. 

S=MB andRF. 

S = Ery, MB, RF and lIP. 

S=TPP. 

S = TPP; used kd = 42 S-I. 

S = RF(OAC)4; used kd = 3.3 X 104 s-l. 

S = MB; used kd =4.4 x 103 S-I; meas' kq1kr= 
0.51; obs. cjlOlt ™E/cjlolt A; cor. for kq(MB). 

89A331 

83£425 
83F151 

89A331 

89F484 

743115 

94R058 

777378 

88A165 

87R138 

89A331 

83E425 
83F151 

89F484 

94R058 

S = A' = Rub; used kd = 6.0 X 104 S-I, kA, = 4.0 x 743115 
107 L mol-I S-I. 

CP/Ac,A'c-17 S = PP; A' = Cholesterol; used kd = 6 X 104 s-l; 743115 
meas. k/krA' = 2.9, PA' = 0.89 mol L -1. 

EtOH 0.27 293 CP/Pa-15 S = MB. 777378 

2.270 9,12,15·0ctadecatrienoic acid, phenyl ester (phenyllinolenate) 

CD30D 8.3 x 104 PULd-2 S=MB and RF. 88A165 

2.271 9·0ctadecenoic acid (Oleic acid) 

C6D6 5.3 x 104 PULd-2 S=TPP. 89A331 

J. Phys. Chem. Ref. Data, Vol. 24, No.2, 1995 
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TABLE 2. Rate constants for interaction of singlet oxygen with oletins. - Continued 

~~~~.~============================================================================================= 
Nt}, Solvent ~ (kik) 

(mol (-1) 

l.,271 9-Octadecenoic acid (Oleic acid) - Continued 

CCl4 1.7 X 104 

1.6 x 105 

2.272 9-0ctadecenoic acid, methyl ester (Methyl oleate) 

CsHsN 7.4 x 104 (kr) 

EtOH 

2.4 X 104 (kr) 
1.2 x 104 (kq) 

0.63 

').273 9-0ctadecenoic acid, phenyl ester (phenyl oleate) 

MeOD 2.4 x 104 

MeOD 2.4 x 104 

:l.l74 2,5-0ctadiene,7-hydroperoxy-2,7-dimethyl-

MeOH 4.2 x 105 (kr) 0.27 (Pr) 

1.275 2,6-0ctadiene, 2,6-dimethyl-, (E) 

MeOH 1.9 x 106 (kr) 

2.276 2,6-0ctadiene, 2,6-dimethyl-, (Z) 

MeOH 1.1 x 106 (Ier) 

2:1.77 2,6-0ctadiene,2,7-dimethyl-

MeOH 1. 7 x 106 (kr) 

1.1.78 2,6-0ctadiene, bydroperoxy-2,6-dlmetbyl. 

MeOH 7.4 x 105 (kr) 

2.279 2,7-0ctadiene,6-hydroperoxy.2,7.dimethyl-

MeOH 6_0 x 105 (kr) 0_19 <flr) 

2.280 1,6-0ctadien-3-ol, 3,7-dimethyl- (Linalool) 

CH2Cl2 

MeOH 

2.281 2,6-0ctadien-l-01, 3,7-dimethyl-, (E) (Geraniol) 

MeOH 5.9 x 105 (Ier) 0.19 (Pr) 

T Method 
(K) 

MPILI-12 

298 CP/Ac-14 

CPI Ac,A' c-17 

293 CP/Oc-14,27 

293 CPIPa-15 

PULd-2 

298 PULd-2 

253 CP/Oc,Ac.Pa-
14,27 

253 CP/Oc-14,27 

253 CP/Oc-14,27 

253 CP/Oc,Pa,Ac-
14,27 

253 CP/Oc,Pa,Ac-
14,27 

CP/Oc,Pa,Ac-
14,27 

CRt Ac,A' c-17 

CPI Ac,A' c-17 

253 CP/Oc-14,27 

Comment 

S = TPP; used kd = 42 s-I. 

S = RF(OAC)4; used kd = 3.3 X 104 s-l. 

S = PP; A' = Cholesterol; used kd = 6 X 104 s-l; 
meas. klkrA

' = 1.1, ~A'=0.89 mol L-l . 

S = MB; used kd = 4.4 X 103 s-l; meas. kqller= 
0.20; obs. ~ox TME/~ox A; cor. for kq(MB). 

S = MB; P = Methyl oleate monohydroperoxide. 

S=MBandRF. 

S CI Ery, MB, RF and lW. 

S = RB; A' = a-Terpinene; used kd = 1.1 x lOS 
s-l; k(Pl) = 1.9 x 105, k(P2) = 2.3 x 105 L 
mol-l s-l; PI = 2,7-dimethyl-2,7-
dihydroperoxy-3,5-octadiene, P2 = 2,7-
dimethyl-2,6-dihydroperoxy-3,7-octadiene. 

S = RB; A' = a-Terpinene; used kd = l.1 x 105 
-1 s . 

S = RB; A' = a-Terpinene; used kd = 1.1 x 105 
s-l. 

S = RB; A' = a-Terpinene; used kd = 1.1 x 105 
s-l; k(Pl } = 9.0 x 105, k(P2) = 8.1 x 105 L mol-l 

s-l; PI = 2,7-dimethyl-7-hydroperoxy-2,6-
octadiene, P2 = 2,7-dimethyl-6-hydroperoxy-
2,7 -octadiene. 

S = RB; A' = a-Terpinen~; used kd = 1.1 x lOS 
s -1; Mixture of all monohydroperoxides obtained 
from oxygenation of tran.\'-2.t1-dimethyl-2,t1-
octadiene. 

S = RB; A' .,... (X-Terpinene; used ka ,;. 1.1 x 105 
s-l; PI = 2,7-dimethyl-2,6-dihydroperoxy-3,7-
octadiene, P2 = 2,7-dimethyl-3,6-
dihydroperoxy-l,7-octadiene, k(P1) = 1.9 x 105, 

k(P2) = 4.1 x 105 L morl s-l. 

A' = 2,6-[(CH3hChC6H30H; meas. klierA' = 24; 
102* from (PhOhP03. 

S = RB; A' = 2,6-[(CH3)3ChC6H30H; meas. 
A' klkr = 14. 

S = RB; A' = a-Terpinene; used kd = 1.1 x 105 

-I s . 

Ref. 

83E425 
83F151 

89F484 

743115 

94R058 

777378 

·88A165 

87R138 

78A357 

78A344 

78A344 

78A357 

78A344 

78A3S7 

72F520 

72F520 

80A430 

J. Phvs. Chem. Ref. Data. Vol. 24. No.2. 1995 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

No. Solvent k P (kik) T Method Comment Ref. 
(L mol-1 s-l) (mol L-1) (K) 

2.282 2,7-0ctadien-l-oI, 3,7-dimethyl-, (E)-

MeOHl H20 (95:5) 0.15 CP/Oc-15 S = RB; Soln. contg. 1 % sodium acetate. 79F137 

2.283 2,7 -Octadien-l-ol, 3,7 -dimethyl-, (Z)-

MeOHl H20 (95:5) 0.21 CP/Oc-15 S = RB; Soln. contg. 1% sodium acetate. 79F137 

2.284 2,7 -Octadien-l-ol, 6-hydroperoxy-3,7 -dimethyl- (Monohydroperoxygeraniol) 

MeOH 2.8 x 104 (kr) 253 CP/Oc-14,27 S = RB; A' = a-Terpinene; used kd = 1.1 x lOs 
S-l; mixture with 7-hydroperoxy-3,7-dimetbyl-

80A430 

2,5-octadien-l-ol. 

2.285 2,4,6-0ctatriene, 2,6-dimethyl- (Alloocimine) 

MeOH 0.070 293 CP/Oc-15 S =RB; Ea = 8.4kI mor1. 68F288 

2.286 3-0ctene, S-hydroperoxy4-methyl-

MeOH 2.5 x 104 <kr) 253 CP/Oc-14,27 S;;;;:; RB; A';;;;:; a-Tcapinem::; ulied kd = 1.1 x lOs 80A430 
-1 S , 

2.287 (E)4-0ctene 

CH3CN 2.:Sx 10" CP/OC-14,27 S = MB; used /cd = 1.7 X 104 S-I; meas. kqfkr= 88A026 
I x 104 (kr) 1.5; obs. rate of oxygen consumption as a ratio 
2 x 104 (kq) with TME; cor for ks[S] = 0.28. 

CHCI3 2.2 x 104 CP/Oc-14,27 S = MB; used kd = 4.4 X 103 s-l; meas. kikr= 88A026 
4 x 103 (kr) 4.5; obs. rate of oxygen consumption as a ratio 
2 x 104 (kq) with TME; cor for ks[S] = 0.2. 

2.288 (Z)-4-0ctene 

CHCl3 2.7 x 104 0.20 (Pr) CP/Oc-14,27 S = MB; used kd = 4.4 X 103 S-l; meas. kq/kr= 88A026 
2.2 x 104 (kr) 0.22; obs. rate of oxygen consumption as a ratio 89A254 
5 x 103 (kq) with TME; calcn. involves kq(MB) = 6.4 x 106 L 

mol-1 s-l. 

2.289 4-0ctene, 4-methyl-

MeOH 0.27 (~r) 253 CP/Oc-14,27 S = RB; A' = a-Terpinene; 46% trans,54% cis. 76F909 

MeOH 0.29 (~r) 253 CP/Oc-14,27 S = RB; A' = a-Terpinene; 25% trans, 75% cis. 76F909 

2.290 4-0ctene, 4-methyl-, (E)-

MeOH 5.6 x lOs (kr) 0.20 (Pr) 253 CP/Oc-14,27 S = RB; A' = a-Terpinene; used kd = 1.1 x lOs 79F074 
-I s . 

2.291 4-0ctene, 4-methyl-, (Z)-

CHCh 1.6 x lOs 0.027 CP/Oc-14/27 S = MB: used kd = 4.4 X 103 s-l: mea~. kql'kr= 85FI48 
1.6 x 105 (kr) <0.05; obs. rate of oxygen consumption as a ratio 89A254 

<8 x 103 (kq) with TME; eaten. involves kq(MB) = 6.4 x 106 L 
mor l s-I, 

MeOH 3.3 x lOs <kr) 0.34 <flr) 253 CP/Oc-14,27 S = RB; A' = a-Terpinene; used kd -- 1.1 x 105 79F074 
-1 s . 

2.292 2-0cten-l-ol, 3,7-dimethyl-, (E)-

MeOHl H20 (95:5) 0.14 CP/Oc-15 S = RB; Soln. contg. 1 % sodium acetate. 79F137 

2.293 2-0cten-l-ol, 3,7-dimethyl-, (Z)-

MeOHI H20 (95:5) 0.23 CP/Oc-15 S. = RB; Soln. contg. 1 % sodium acetate. 79F137 

2.294 6-0cten-l-01, 3,7-dimethyl- (~-Citronellol) 

I-BuOH 0.12 293 CP/Pa-15 S=Eos. 627005 

I-BuOH 0.11 293 CP/Pa-JS S=RB. 627005 

CD30n 7.8 x 105 295 CULI-12 S = RB; used kd = 4.0 X 103 s-l. 91F332 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

~~: 

No. Solvent k ~ (kd1k). T Method Comment Ref. 
(L mol-1 s-l) (mol L-1) (K) 

1.194 6-0cten-l.ol, 3,7.dimethyl. (~.Citronellol) - Continued 

CD30D 7.3 x lOs (Ier) 295 CP/Oc-15,28 S = RB; used kd = 4.0 X 103 s-I; used cpL\{RB) = 91F332 
1 x 104 (kq) 0.76. 

MeOH 0.16 293 CPIPa-15 S=Ery. 627005 

MeOH 0.15 293 CPIPa-15 S=Eos. 627005 

MeOH 0.16 293 CPIPa-15 S=RB. 627005 

MeOHlH2O 0.060 293 CPIPa-15 S = RB orEos. 627005 
(70:30) 

1.295 7 -Oxabicyclo[l.2.1]heptane, l,3-bis(methylene)-

CH2Cl2 253 CP/Ac-17 S .., TPP; A' "'" 2,3- 82F450 
Dimethylenebicyclo[2.2.1]heptane; meas.IcrlIerA' 

=0.07. 

1.196 7.0xahieyelo[2.2.1]heptane. l,3.5.6-tetrakis(methylene). 

CH2C12 253 CP/Ac-17 S = TPP; A' = 2,3- 82F450 
Dimethylenebicyclo[2.2.1 ]heptane; meas. kller X 

=0.02. 

1.297 7 -Oxabicyclo[l.2.1]hept-2-ene, 5,6-bis(methylene). 

CH2C12 253 CP/Ac-17 S = TPP; A' = 2,3- 82F450 
Dimethylenebicyclo[2.2.1 ]heptane; meas. klke A' 

= <1 X 10-3. 

1.298 P-422 (8 conjugated bonds) 

C6HUMeOH 1.2 x 1010 8.3 X 10-6 CP/A'c-22 S = MB; A' = Rub; used kd = 1.0 x lOs s-l. 747042 
(60:40) 

1.299 P-438 (9 conjugated bonds) 

C6HdMeOH 3.1 x 1010 3.2x 10-6 CP/A'c-22 S = MB; A' = Rub; used kd = 1.0 x lOs s-I. 747042 
(60:40) 

2.300 1,3-Pentadiene,4-methyl-

CHC13 1.6 x lOS CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kN = 5.3 x 81F445 
107 L morl s-I. 

2.301 1,3-Pentadiene, I-phenyl-, (E,E)-

CoHo 1.5 277 CP/Oc-14 S=TPP. 81F582 

CC14 0.24 277 CP/Oc-14 S=TPP. 81F582 

CH3COCH2CH3 1.2 277 CP/Oc-14 S=RB. 81F582 

CIICl3 0.:33 277 CP/Oc-14 S-TPP. 81F582 

EtOH 2.9 277 CP/Oc-14 S=RB. 81F582 

2.302 I-Pentene 

CCli MeOH (96:4) 1 x 103 PUA'd-8 S = MB; A' = DPBF. 777162 

2.303 I-Pentene,2,3,4-trimethyl-

CH3CN 283 CP/Ac-17 S = MB; A' = TME; meas.1crl1er N. = 0.88; C.k. 79F646 
with 1,2-dimethylcyclohexene. 

2.304 (E)-2-Pentene 

CCli MeOH (96:4) 2x 103 PUA'd-8 S = MB; A' = DPBF. 777162 

CHCl3 2.1 x 104 CP/Oc-14,27 S = MB; used ~ = 4.4 X 103 s-I; meas. kqlke = 88A026 
7 x 103 (ke) 2.3; obs. rox as a ratio with TME; cor. for ks[S] = 
1 x 104 (kq) 0.2. 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

No. Solvent k jj (kd1k) T Method Comment Ref. 
(L morl s-l) (mol L-1) (K) 

2.305 (Z)·2·Pentene 

CCl4 4.1 x 104 CP/Oc-14,27 S = TPP; used kd = 1.1 X 103 s-l; meas. kclkr= 88A026 
3.8 x 104 (kr) 0.08; obs. rox as a ratio with TME; cor. for ks[S] 
3 x 103 (kq) = 1.4. 

CCli MeOH (96:4) 4x 103 PUA'd-8 S = MB; A' = DrBF. 777162 

CHCl3 3.8 x 104 CP/Oc-14,27 S = MB; used kd = 4.4 X 103 S-l; obs. rox as a 88A026 
4 x 103 (kq) ratio with TME; cor. for ks[S] = 0.2. 

2.306 2.Pentene, 2,4.dimethyl· 

CHCl3 4.3 x lOs CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA, = 5.3 x 
107 L morl S-l. 

78AOO5 

MeUH 1.3 Method not reported. 6!Sf'2!S9 

2.307 2.Pentene, 2-methyl. (2M2P) 

tert-BuOH 0.081 298 CP/A'c-16 S = RB; A' = DPBF. 717398 

tert-BuOH 0.051 303 CP/Ac-14 S=RB. 68F292 

~HsI 0.1 298 CP/Pa-15 S=ZnTPP. 717356 

CsHsN 0.043 CP/0c-I5 S=RB. 757166 

CsHsN 0.050 298 CP/Pa-15 S=RB. 717356 

c-C6H11 OH 0.070 298 CP/Pa-15 S=RB. 717356 

1,3-C6H4(OCH3h 0.2 298 CP/Pa-15 S=ZnTPP. 717356 

C6HSBr 0.05 298 CP/Pa-15 S=ZnTPP. 717356 

C6HsOCH3 0.13 298 CP/Pa-15 S=ZnTPP. 717356 

C6H6 0.049 CP/Oc-14 S = TPP, ChI a, ChI b, Phe b, ZnTPP, MgTPP, 88R136 
PPDME. 

C6H6 8.7x lOS 0.046 CP/Oc-14 S = RB; used kd = 4.0 X 104 S-l. 84F191 

C6H6 7.2 x lOs 295 PULd-2 S = MPDME; "-r» kq. 83F196 

C6H6 9.2 x 105 0.044 CP/Oc-19 S = ChI (os); Q = Chl (os); used kd = 4.0 X 104 81F321 
S-I; ChI (os) is a commercial mixture contg. a 
small % of chlorophyll. 

C6H6 0.53 CP/Oc-15 S =azine. 757166 

C6H6 0.10 298 CP/Pa-15 S=ZnTPP. 717356 

C6H6 0.2 CP/Pa-15 S=ZnTPP. 71F580 

C6H6/MeOH 0.050 CP/Pa-15 S=MB. 717356 

(80:20) 

CH2C12 9.7 x 105 295 PULd-2 S = MPDME; "-r» kq. 83F196 

CH3CN 1.2 x 106 0.014 CP/Oc-14 S = RB; used kd = 1.7 X 104 S-I. 841'"191 

CH3CN 1.2 x 106 295 PULd-2 S = MPDME; kr» kq. 83F196 

CH3CN 0.018 CP/Oc-15 S=RB. 757166 

CH3CN 0.014 CP/Pa-15 S=RB. 71F580 

CH3C02CH3 0.04 298 CP/Pa-15 S=RB. 717356 

CH3COCH3 8.1 x 105 295 PULd-2 S = MPDME; "-r» kq. 83F196 

CH3COCH3 4.0 x 105 (kr) 241 CP/Pa-17 S = RB; Mit. = 3 kJ morl ; Mt. = -122 J K-l 83Fl% 

2.8 x 105 (kr) 195 mol-I; P = 50:50 mixture of2-methyl-3-penten-
2-01 and 2-methyI-l-penten-3-01; reI. to value at 
295K from luminescence decay; kq « 4 

CH3COCH3 0.080 298 CP/Pa-15 S=RB. 717356 

CHCl3 7.6 x 105 PULd-2 S=TPP. 92FI03 

CHCl3 5.1 x 105 8.5 X 10-3 CP/Oc-15 S = MB; used kd = 4.4 X 103 S-l; cor. for ks. 85F148 

CHCl3 1.9 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104
8-

1
, kA, = 5.3 x 78AOO5 

107 L mor1 8-1• 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

Solvent k ~ (kd/k) T Method Comment Ref. 
(Lmor1 s-l) (mol L-1) (K) 

101 l-Pentene, 2-methyl- (2M2P) - Continued 

CS2 0.080 273 CP/Pa-15 S=ZnTPP. 717356 

DMSO 0.055 CP/A/c-16 S = RB; A' = DPBF. 766072 

DMSO 0.070 298 CP/Pa-15 S=RB. 717356 

MeOH 6.9 x 105 0.16 CP/Oc-14 S = RB; used kd = 1.1 x lOs s-I. 84F191 

MeOH 4.0 x lOs (Icr) 241 CP/Pa-17 S = RB; Mf* = 3.9 ± 3.5 kJ mol-I; ~S:j: = -121 ± 83F196 
2.0 x lOs (kr) 195 15 J K-I mol-I; reI. to kA = 6.7 X 105 L mol-1 s-I 

at 298 K; kq « kr. 
MeOH 6.2 x lOs 0.18 CP/Oc-14 S = RB; used kd = 1.1 x lOs s-I. 81F321 

MeOH 0.13 298 CP/Pa-15 S=Chl b. 717356 

MeOH 0.2 298 CP/Pa-15 S=Chla. 717356 

MeOH 0.16 298 CP/Pa-15 S=RB. 717356 

MeOH 0.15 298 CP/A'c-16 S = RB; A' = DPBF. 717398 

MeOH 0.2 CP/Pa-15 S=ZnTPP. 71F580 

MeOH 0.13 293 CP/Oc-15 S = RB; Ea = 8.4 kJ mol-I. 68F288 

MeOH O.1R ? Method not reported. 6RF2R9 

MeOHl tert-BuOH 0.12 CP/A'c-16 S = RB; A' = DPBF. 717398 
(50:50) 

MeOHl tert-BuOH 303 CP/Pa,P' a-17 S = RB; A' = 2M2B; meas. k/k/' = 0.76. 68F292 
(50:50) 

MeOHl tert-BuOH 298 CRIPa,P' a-17 A' = 2M2B; meas. kr/k/' = 0.78; 102* from 68F292 
(50:50) H20 2/NaOCI. 

MeOHl tert-BuOH 0.2 298 CRlAe-14 102* from H20 2/NaOCI. 68F292 
(50:50) 

MeOHl tert-BuOH 0.13 298 CP/Ac-14 S=RB. 68F292 
(50:50) 

,'.JOg 2-Pentene,3-methyl-

C6HsCI 1.0 x 106 0.016 298 CP/Ae-15 S = TPP; used kd = 1.6 X 104 s-l; cis,trans mixt. 747341 

.~ .. \()9 2-Pentene,3-methyl-, (E)-

CHCl3 2x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA, = 5.3 x 78AOO5 
107 L mol-I S-I. 

EtOHl2-PrOH 0.060 (~r) 292 CP/Oe-14,27 S = RB; A' = 2,5-DMF. 78F464 
(50:50) 

MeOH 9.3 x 105 (kr) 0.12 (~r) 253 CP/Oe-14,27 S = RB; A' = Q-Terpinene; used kd = 1.1 x lOS 79F074 
s-l. 

MeOHl tert-BuOH CPI Ae,A' e-17 S = RB; A' = 2M2B; meas. kllcrA' = 0.83. 68F292 
(50:50) 

MeOHl tert-BuOH CRlAe,A/e-17 A' = c-C6H9CH3; meas. klk/, = 7; 102* from 68F292 
(50:50) H20 2/Ca(OC1h-
MeOHl lert-BuOH CRI Ae,A' e-17 A' = 2M2B; meas. klkr A' = 0.71; 102* from 68F292 
(50:50) H20 2/Ca(OClh· 
MeOHl tert-BuOH CPI Ae,A' e-17 S = RB; A' = c-C6H9CH3; meas. kllcrf>( = 22. 68F292 
(50:50) 

2.310 2-Pent~ne, 3-methyl-, (Z)-

CHCl3 2.9 X 105 0.015 CP/Oe-15 S = MB; used kd = 4.4 X 103 S-I; cor. for 85F148 
quenching by MB. 

CHel3 2.0x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 8-1, kA, = 5.3 x 
107 L mol-1 8-1. 

78AOO5 

EtOHl2-PrOH 0.050 (Pr) 292 CP/Oc-14,27 S = RB; A' = 2,5-DMF. 78F464 
(50:50) 

1 rn...... ,.. ..... _ 10_' n..... \/ .... 1 1')" M.... I') "nne: 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

No. Solvent k ~ (kik) T Method Comment Ref. 
(Lmor1 s-1) (mol L-1) (K) 

2.310 2-Pentene, 3-methyl-, (Z)- - Continued 

MeOH 5.8 x 105 (kr) 0.19 (~r) 253 CP/Oc-14,27 S = RB; A' = a-Terpinene; used kd = 1.1 X 105 79F074 
-1 s . 

MeOHl tert-BuOH CRt Ac.A' c-17 A' = 2M2B: meas. kJl4 A' = 0.40: 102* from 68F292 
(50:50) H202/Ca(OClh· 

MeOHl tert-BuOH CRt Ac,A' c-17 A' = TME; meas. k/k/' = 0.040; 102* from 68F292 
(50:50) H20 2/NaOCl. 

MeOHl tert-BuOH CPI Ac,A' c-17 S = RB; A' = 2M2B; meas. k/k/: = 0.55. 68F292 
(50:50) 

MeOHl tert-BuOH CP/Ac,A'c-17 5 = RB; A' = 1MB; meas. klk/ = 0.028. 68F292 
(50:50) 

2.311 2-Pentene, 4-methyl-, (E)-

MeOHl tert-BuOH 276 CRlPa,P' a-17 A' = 2M2P; meas. k/k/' = 2.0 x 10-3; 102* from 68F292 
(50:50) H20iNaOCl. 

MeOHJ tert-BuOH 303 CP/Pa,P' a-17 S = RB; A' = 2M2P; meas. k/kr
A' = 2.5 x 10-3• 68F292 

(50:50) 

2.312 2-Pentene, 4-methyl-, (Z)-

MeOHJ tert-BuOH 8.0 CP/A/c-J6 S = RB; A' = DPBF. 717398 
(50:50) 

MeOHl tert-BuOH 276 CRlPa,P' a-17 A' = 2M2P; meas. k/k/' = 0.011; 102* from 68F292 
(50:50) H20 2/NaOCl. 

MeOHJ tert-BuOH 303 CP/Pa,P' a-17 5 = RB; A' = 2M2P; meas. kllcr A: = 0.014. 68F292 
(50:50) 

2.313 2-Pentene, 2,3,4-trimethyl-

CHCl3 3.9 x 107 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-1, kA: = 5.3 x 
107 Lmol-1 S-1. 

78AOO5 

2.314 2-Pentene, 2,4,4-trimethyl-

MeOH 4.2 Method not reported. 68F289 

2.315 4-Pentenoic acid 

C6D6 4.9 x 103 PULd-2 S=TPP. 89A331 

2.316 2-Penten-l-ol, 3,4-dimethyl-, (E)-

MeOHJ H20 (95:5) 0.14 CP/Oc-15 S = RB; Soln. contg. 1% sodium acetate. 79F137 

2.317 2-Penten-l-ol, 3,4-dimethyl-, (Z)-

MeOHJ H20 (95:5) 0.23 CP/Oc-15 S = RB; Soln. contg. 1 % sodium acetate. 79F137 

2.318 2-Penten-l-ol,3-ethyl-

MeOHJ H20 (95:5) 0.25 CPIOc-15 5 = RB; 501n. contg. 1 % sodium acetate. 79F137 

2.319 2-Penten-l-ol,3-methyl-, (E)-

MeOHl H20 (95:5) 0.13 CP/Oc-15 S = RB; Soln. contg. 1% sodium acetate. 79F137 

2.320 2-Penten-l-ol, 3-methyl-, (Z)-

MeOHl H20 (95:5) 0.19 CP/Oc-15 S = RB; Soln. contg. 1 % sodium acetate. 79F137 

2.321 2-Penten-l-ol, 3,4,4-trimethyl-, (E)-

MeOHl H20 (95:5) 0.09 CP/Oc-15 S = RB; Soln. contg. 1% sodium acetate. 79F137 

2.322 2-Penten-l-ol, 3,4,4-trimethyl-, (Z)-

MeOHl H20 (95:5) 0.95 CP/Oc-)5 S = RB; Soln. contg. 1% sodium acetate. 79F137 

2.323 2-Pent.en-4-ol,2-methyl-

MeOH 8.4 (~r) 253 CP/Oc-14,27 S = RB; A' = a-Terpinene. 76F909 



RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION 

TABLE 2. Rate constants for interaction of singlet oxygen with oletins. - Continued 

·.:~nrn 

',.:. Solvent T Method Comment 
(K) 

_.:""3.Penten.2-one,3,4-dimethyl. 

28 CP/Ac-18 S = Poly-RB or RB; A' = Linalool; used ~A' = 
0.18 mol L -I; Solvent is CH2Cl2 or MeOH. 

735 

Ref. 

80Ft 11 

lJU l-Phenanthrenecarboxylic acid, 1,2,3,4,4a,4b,5,6,lO,lOa-decahydro.l,4a-dimethyl-7 -(l.methylethyl)-, [lR.(1a,4a~,4pa,lOaa)]. (Abietic acid) 

. b26 

2..127 

~28 

2.329 

2.330 

2331' 

2.332 

2.333 

2.334 

CHCl3 3.8 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA:= 5.3 x 81F445 
107 L mori S-I • 

a.Pin~e 

CH3CN 'I S = MB; A' = c-C6~CH3; meas. kJlkl>: = 0.25. 73F664 

CH3COCH3 4.3 x 104 PLILd-2 S=RB. 92F225 

MeOH 7.0 293 CP/0c-15 S = MB; Ea = 20 kJ morl. 68F.288 

MeOH S.O 293 CP/Oc-lS S = RB; Ea = t9 kJ mol-I. 68F288 

MeOH 2.8 293 CP/0c-1S S = DNT; Ea = 21 kJ mol-I. 68F288 

MeOH 0.50 293 CP/Oc-IS S = FlCll-; Ea = 17 kJ mol-I. 68F288 

MeOH 3.8 293 CP/0c-1S S = FlBr4Cli-; Ea = 17 kJ mol-I. 68F288 

MeOH 8.2 ? Method not reported. 68F289 

p-Pinene 

CH)CN CP/Ac,A'c-17 S = MB; A' = c-C6HgCH3; meas. k/lcrA' = 0.19_ 73F664 

MeOH -1.0 293 CP/0c-1S S = RB; Ea =21 kJ morl. 68F288 

(E)·Piperylene «E)·l,3-Pentadiene) 

CHCl3 2.4 x 10" CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 S-I, kA, = S.3 x 81F445 
107 Lmol-1 s-l. 

(Z)·Piperylene «Z)·l,3·Pentadiene) 

CHCll 9x 103 CP/A'c-33 S = A' = Rub: used kd = 1.7 x 104 s-l. kA' = 5.3 x 81F445 
107 L morl s-l. 

Polybutadiene 

CH2C12 ~_4x lOS PllLd-'2 S=An. 86F.809 
86E884 

CHC13 2.3 x 104 0.26 CP/0c-14,27 S = MB; used kd = 4.4 X 103 s-l; meas. kJk,= 89A254 
1.7 x 104 (Icr) 0.35; obs. rate of oxygen consumption as a ratio 
6;11; 10~ (kq) with TME or 2,.5-DMf'; caleo. involves kq(MB) = 

6.4 x 106 L mol-1 s-l. 

Polyisoprene 

CH2Cl2 5.5 x lOS PULd-2 S=An. 86E809 

CHCl3 1.2 x lOS 0.035 CP/Oc-14,27 S = MB; used kd = 4.4 X 103 s-l; obs. rate of 89A2S4 
1.2 x lOS (ler.) oxygen consumption as a ratio with TME or 2,5- 85FI48 
<6 x 103 (Ie'l) DMF: calcn. involves kiMB) = 6.4 x 106 L 

mol-1 s-l. 

Propene, 1,1:-bis(cyclobutyl)-2-metbyl .. 

CH3CN '.83 CP/Ac-17 S = MB: A' = TME: tnea!iL klk}' ::: 0.40; C.k. 79F646 
with l,2-dimethylcyclohexene. 

Propene, 1,1·bis(cyclopropyl). 

CHjCOCHj CP/Ac,A'c-17 S-Eos; A'. 78F430 
(Dicyclopropylmethylidene)cyc1obutane; meas. 

A' kllcr =0.50. 

Propene. 1.1.his(cyclopropyl)..2.methyl. 

CH3CN 283 CP/Ac-17 S = MB; A' = TME; meas. k!1cr A: = 0.33; C.k. 79F646 
with l,2-dimethylcyclohexene. 



736 WILKINSON, HELMAN, AND ROSS 

TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

No. Solvent k ~ (kik) T Method Comment Ref. 
(Lmor1 s-l) (mol L-1) (K) 

2.334 Propene,1,1-bis(cyclopropyl)-2-methyl- - Continued 

CH3COCH3 CPt Ac,A' c-17 S=Eos; A/= 78F430 
(Dicyclopropylmethylidene )cyclobutane; meas. 
k/k/' = 0.65; meas. kH/kD = 1 for2-(me!4yl-d3) 

isomer. 

2.335 Propene,1-cyclopropyl-2-methyl-

CH3COCH3 cPt Ac,A' c-17 S=Eos; A/= 78F430 
(Dicyclopropylmethylidene )cyclobutane; meas. 
k/krA' = 0.66. 

2.336 Propene,1-ethoxy-2-methyl-

c-C6H12 1.6 x 101 PUA'd-8 S = An; A' = DPBF; MIt. = -2 kJ mol-l; L\St. = 82A349 
-120 J K-1 mort; studied at 290-340 K. 

C6HsCH3 3.1 X 107 PUA'd-8 S = An; A' = DPBF; MIt. = 0.8 kJ mol-I; L\St. = 82A349 
-98 J K-1 mol-I; studied at 250-340 K. 

CH3CN 3.9 x 107 PUA/d-8 S = An; A' = DPBF; MIt. = -1 kJ mol-I; L\S+ = 82A349 
-101 J K-1 morI; studied at 250-340 K. 

CH~COCH~ 4.2 x 107 PUA'd-S S = An; A' = DPBF; MIt. = -2.5 kJ mol-I; L\St. = 82A349 
-108 J K-1 mor1; studied at 240-320 K. 

MeOH 2.3 x 107 PUA/d-8 S = An; A' = DPBF; MIt. = 0.8 kJ mort; L\St. = 82A349 
-96 J K-I mol-I; studied at 250-310 K. 

2.337 Propene, 2-methyl-

CS2 4.0x 103 298 PULd-2 S = TPP; MIt. = 0 kJ morI; L\St. = -180 J K-I 85A167 
mol-I; studied at 183-310 K. 

MeOH 1.6 293 CP/Oc-15 S = RB; Ea = 24 kJ morl. 68F288 

2.338 Propene, 2-methyl-l-(phenylsulfinyl)-

C6~ >1 x 102 (~r) CP/Ac-17 S = TPP; A' = Linalool; used ~/' = 0.18 mol L -1. 89F400 

2.339 11-(Z)-Retinal 

CCl4 106 MPILI-12 S = PP; used kd = 36 S-I. 79F463 

2.340 13-(Z)-Retinal 

CCI4 3.6 x 105 MPILI-12 S = PP; used kd = 36 S-I. 79F463 
78F700 

2.341 (all-E)-Retinal 

CCI4 3.7 x 106 MPILI-12 S = PP; used kd = 36 s-I. 79F463 
78F700 
83A336 

CC14 7.5 x 105 (kr) CP/Ac-27 S = PP; A' = Tetr; meas. kqlkr = 0.2 ± 0.05; used 79F463 

3.7 x 106 (kq) c!>d(S) and kA = 3.7 X 106 L mol-1 s-l. 78F700 
83A336 

CH3CN 6.5 x 107 PUA/d-8 S = MB; A' = DPBF. 83F256 

HCONHCH3 1.7 x 108 PUA'd-8 S = MB; A' = DPBF. 83F256 

2.342 (all-E)-Retinoic acid 

CHCI3/EtOH 310 CRlLI-l 2 102* from NDP02; no quenching. 89R188 

. (50:50) 

2.343 (all-E)-Retinol 

c-C6H12 ::;;2 x 106 PUA'd-8 S = Rub; A' = DPBF. 83F256 

n-C6H14 ::;;1.5 x 107 PUA'd-8 S = Rub; A' = DPBF. 83F256 

C6H6 4x 106 296 PUA'd-5 S = A; A' = DPBF. 85E190 

C6H6 ::;;1.2 x 107 PUA'd-8 S = Rub; A' = DPBF. 83F256 
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TABLE 2. Rate constants for interaction of singlet oxygen with ole fins. - Continued 

.~~~~:t~.-

~l Solvent k P (kd1k) . T Method Comment 
{Lmol-1 s-l} (mol L-1) (K) 

1,>5\.43 (all-E)-Retinol - Continued 

C6H~MeOH CP/P'a-20 S = MB; A' = 2M2P; meas. kAlkA' = ~9. 
(80~20) 

CH3CN 2.6 x 107 PUA/d-8 S = MB; A' = DPBF. 

CH3COCH3 1 x 107 PUA/d-8 S = MB; A' = DPBF. 

HCONHCH3 8.5 x 107 PUA/d-8 S = MB; A' = DPBF. 

MeOH 6.0 x 106 296 PUA/d-5 S = A; A' = DPBF. 

2-PrOH 1.7 x 107 PUA/d-8 S = MB; A' = DPBF. 

i..:M4 Retinyl acetate 

CCl4 7 x lOs MPILI-12 S =PP; used kd = 36 S-I. 

737 

Ref. 

707188 

83F256. 

83F256 

83F256 

85E190 

83F256 

79F463 
78F700 

t"..! Spirocyclopropane[ 4,7]methanoindene, 4,5,6,7 -tetrahydro-

CD3COCD3 1.3 x 108 195 CP/A/c-16 S = RB; A' = DPBF; kd not given. 87A368 

~6 Squalene 

EtOH 4.2 x 106 298 CP/Ac-14 S = TIT; used kd = 8.3 x 10-1 S-I; Ea = 11.2 kJ 931'327 
mol-I; studied at 271-326 K. 

MeOH 3.6x 106 0.031 253 CP/Oc-15 S = RB; used kd = 1.1 x lOS s-I. 83A078 

1,,;W7 4,6,8,lO,12,14,16,18,20-Tetracosanonaene-3,22-dione, 6,lO,lS,19-tetramethyl-2,2,23,23-tetramethoxy- (all-E) (C28-Polyene-tetrone-diacetal) 

CHCl3 9 x 109 CR/LI-12 used kd = 3.0 X 104 s-l; 102* from NDP02. 92R054 

J ... "t8 4,6,8,lO,12,14,16,18,20-Tetracosanonaene-2,3,22,23-tetraone, 6,lO,lS,19-tetramethyl- (all-E) (~-Polyene-tetrone) 

CHCl3 1.6 x 1010 CRlLI-12 used kd = 3.0 X 104 s-l; 102* from NDP02' 

) . .3.9 (Z)-9-Tricosene 

CHC13 2.4 x 104 

1 x 104 (ler) 
1 x 104 (kq) 

0.37 293 CP/0c-14,27 S = MB; used kd =4.4 x 103 s-l; meas. keller = 
1.0; obs. rate of oxygen consumption as a ratio 
with TME; calcn. involves kq{MB) = 6.4 x 106 L 
mol-I S-I. 

l.3S0 Tricyclo[3.3.1.13"]decane, 2-(3-chlorophenoxymethylene)- [2-(3-Chlorophenoxymethylidene)adamantane] 

92R054 

88A026 
83A394 

C6~ 283 CPIPa-17 S = TPP; A' = 2- 84F474 
(Phenoxymethylidene)adamantane; meas. k/ler A' 

i::: 0.1. 

CH2Cl2 283 CPIPa-17 S = MB; A' = 2- 84F474 
(Phenoxymethylidene)adamantane; meas. k/kr

A' 

=0.4. 

1.351 liicyclo[3.3.1.13"]decane, 2-( 4-chlorophenoxymethylene)- [2-(4-Chlorophenoxymethylidene)adamantane] 

C6~ 283 CPIPa-17 S = TPP; A' = 2- 84F474 
(PhennxymethyHdene)adamantane; meM. k/k,A' 
=0.2. 

283 CPIPa-17 S = MB; A' = 2- 84F474 
(Phenoxymethylidene)adamantane; meas. k/ler A' 

=0.6. 

1.352 Tricyclo[3.3.1.13"]decane, 2-(4-methoxyphenoxymethylene)- [2-(4-Methoxyphenoxymethylidene)adamantane] 

C6~ 283 CP/Pa-17 S = TPP; A' = 2- 84F474 
(Phenoxymethylidene)adamantane; meas. k/k/' 
=5. 

283 CPIPa-17 S = MB; A' = 2- 84F474 
(Phenoxymethylidene )adamantane; meas. k/k/' 
=2. 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

No. Solvent T Method Comment Ref. 
(K) 

2.352 Tricyclo[3.3.1.13"]decane, 2-( 4-methoxyphenoxymethylene)- [2-( 4-Methoxyphenoxymethylidene)adamantane] - Continued 

CH3CN 283 CPJPa-17 S =MB; A' = 2- 84F474 
(Phenoxymethylidene)adamantane; meas. k/kr A' 

CH3C02C2Hs 283 CP/Pa-17 

CH3COCH3 283 CPJPa-17 

EtOH 283 CPJPa-17 

MeOH 283 CPJPa-17 

I-PrOH 283 CP/Pa-17 

THF 283 CP/Pa-17 

2.353 Tricyclo[3.3.1.13"]decane, (l-metbyletbylene)- (2-Isopropylideneadamantane) 

C6H6 CP/Pa-17 

CH2C12 CP/Pa-17 

CH3CN CP/Pa-l7 

CH3COCH3 CP/Pa-17 

EtOH CP/Pa-17 

MeOH CP/Pa-17 

2-PrOH CP/Pa-17 

=2. 

S = TPP; A' = 2- 84F474 
(Phenoxymethylidene)adamantane; meas. k/kr A' 

=6. 

S = MB; A' = 2- 84F474 
(Phenoxymethylidene)adamantane; meas. k/kr A' 

=2. 

S = MB; A' = 2- 84F474 
(Phenoxymethylidene)adamantane; meas. k/kr A' 

=2. 

S = MB; A' = 2- 84F474 
(Phenoxymethylidene)adamantane; meas. k/kr A' 

=2. 

S = MB; A' = 2- 84F474 
(Phenoxymethylidene)adamantane; meas. k/k'/' 
=2. 

S = TPP; A' = 2- 84F474 
(Phenoxymethylidene)adamantane; meas. k/k/ 
=6. 

S = TPP; A' = 1,1-Di-tert-butyl-2-
methoxyethene; meas. k/k/' = 7. 

S = MB; A' = 1.1-Di-tert-butyl-2-
methoxyethene; meas. k/kr A' = 3.6. 

82FI02 

82FI02 

S = MH; A' = 1,1-Ui-tert-butyJ-2- 1S2t"l02 

metboxyethene; meas. k,lkr A' = 3. 

S = MB; A' = 1.1-Di-tert-butyl-2- 82FI02 
methoxyethene: meas. k,lk., A' = 7. 

S = MB; A' = l,l-Di-tert-butyl-2- 82FI02 
methoxyethene; meas. k/kr A' = 2.5. 

S = MB; A' = 1.1-Di-tert-butyl-2- 82FI02 
methoxyethene; meas. k/k/' = 1.9. 

S = MB; A' 1,1-Di-tert-butyl-2- 82F102 
methoxyethene; meas. k/krN = 2.5. 

2.354 Tricyclo[3.3.1.13,7]decane, 2-(4-metbyJphenoxymethylene)- [2-(4-Methylphenoxymethylidene)adamantane] 

C6Bti 283 CP/Pa-17 S = TPP; A' = 2- I 84F474 
(Phenoxymethylidene )adamantane; meas. k/k/ 

283 CP/Pa-17 

2.355 Tricyclo[3.3.1.13"]decane, (2-methyJpropyUdene)- [2·Isobutylideneadamantane] 

C6~ CP/Pa-17 

CP/Pa-17 

CP/Pa-17 

CP/Pa-/7 

",,2. 

S = MB' A' = 2- 84F474 
(Pheno~ymethYlidene)adamantane; meas. k,lkrN 

= 1.5. 

S = TPP; A' = 1,1-Di-tert-butyl-2-
methoxyethene; meas. k/k/' = 2. 

S MB; A' = 1,1-Di-tert-butyl-2-
methoxyethene; meas. k/k/ :. 1. 

S = MB~ A' = 1,1-Di-tert-butyl-2-
methoxyethene; meas. k,lk./ :. 0.7. 

S = MB; A' = 1,1-Di-tert-butyI-2-
methoxyethene; meas. klkr A' = 1.2. 

82F102 

82FI02 

82FI02 

82FI02 
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TABLE 2. Rate constants for interaction of singlet oxygen with olefins. - Continued 

C~~)jjj Solvent T Method Comment 
(K) 

lLHf 'Irlcyclo[3.3.1.13,7]decane, (2-methyJpropyJidene)- [2-lsobutyJideneadamantane] - Continued 

&OH CPIPa",17 S = MB; A' = 1.1-Di-tert-butyl-2-
methoxyethene; meas. k/k/' = 0.53. 

MeOH 

2-PrOH 

CPIPa-17 

CPIPa-17 

s - MB; A' - 1,1-Di-tert-butyl-2-

methoxyethene; meas. k/"/' = 0.45. 

S = MB; A' = 1.I-Di-tert-butyl-2-
methoxyethene; meas. k/kr A' = 0.5. 

Uitt Tricydo[3.3.1.13,7]decane, tricyclo[3.3.1.13,7]decylidene- (Adamantylideneadamantane) 

739 

Ref. 

82FI02 

S2FI02 

82FI02 

C6HsC1l2-PtOH 2.2 x lOs 273 CRJLJ-12 used kd = 4.1 X 104 s-l; 102* from hydrotrioxide, 90M12S 
(90:10) e.g. (CH3hC(OH)OOOH. 

CHCl3 4.7 x lOs 295 CULI-12 S = An; used kd = 4.9 X 103 s-l. 

CHCl3 9.0x lOs CRlA'c-33 A/= Rub; used kd = 1.7 X 104 s-l, kA, = 5.3 X 107 

Lmol-1 s-l; 102* fromDMN02. 

CHCl3 1.0 x 106 0.016 288 CP/A'c-16 S = MB; A' = DPBF; used kd = 1.7 X 104 s-l; 
Solvent contained 1 % EtOH . 

. ~~ 8,9,11-Trioxatetracyclo[ 4.2.2.1.05,6]undec-S-ene, 2,3-bis(methyJene)-

90F473 

81EOO3 

77F876 

CH2C12 253 CPI Ac-17 S = TPP; A' = 2.3- 82F450 
Dimethylenebicyclo[2.2.1]heptane; meas. klkr A' 

=<1 x 10-3 • 

.. . ;~ (all-E)-I,3,5,7 ,9,11,13,15,17 ,19,21,23,25,27 ,29,31,33-Tritriacontaheptadecaene, 3,7,1l,15,20,24,28,32-octamethyl-l,34-bis(2,6,6-trimethyl .. l
~lobexen-l-yl)- (Dodecapreno .. ~-carotene) 

C6HSCH3 2.9 x 1010 PULd-2 S = PL. 91FA65 

C6~ 2.3 x 1010 PUlA-2 S = PL. 91h465 

'W, 1,6-Undecadiene, 2,6 .. dimethyl .. , (E). 

EtOW2-PrOH 
(50:50) 

1.360 .. 1,6·Undecadiene, 2,6-dimethyl .. , (Z)

EtOW2-PcOH 
(50:50) 

t;.161 Vitamin D3 

C~ 4.0 x lOs 

0.13 (Pr) 

292 CP/Oc-14,27 S = RB; A' = 2,5-DMF. 78F464 

292 CP/0c-14.27 S = RB; A' = 2.5-DMF. 78F464 

PULd-2 S=A. 90E030 

I tn....... ,.. ...... _ a ... f n .. t.. \1,.,.1 ?A Nn ? 1 QQF\ 
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TABLE 3. Rate constants for interaction of singlet oxygen with aromatic substrates. 

No. Solvent k P (kik) T Method Comment Ref. 
(Lmor1 s-l) (mol L-1) (K) 

3.1 2'-Acetonaphthone (2-ACN) 

CDCl3 2x 106 PUA'd-5 S = A; A' = Rub. 81A287 

3.2 Acetophenone 

CCli MeOH (98:2) 2.7 x 103 293 PUA'd-8 S = MB; A' = DPBF. 83A371 

3.3 Anthracene 

n-C6H14 3 x 105 CP/A'c-? S = A; Q = Car; used kd = 6 X 104 s-I, "0 = 3 x 80F169 
1010 L morl s-I. 

C6HSBr 0.12 CP/Ac-15 S=A. 59F003 

C6H6 1.6 x 105 0.27 298 CP/A/c-20 S = A' = Rub; used kd = 4.2 X 104 s-I, PA' = 1.0 x 747312 
10-3 molLl. 

C6~ 0.047 CP/Ac-15 S=DNT. 727028 

C6H6 0.57 CP/Ac-15 S=A. 59F003 

C6H6 0.42 CP/Pa-15 S = A; studied at 263-317 K. 55FOO4 

CCl4 3.5 x 105 CP/Ac-15 S = A; used kd = 1.4 X 103 s-l. 80F718 

CCl4 4.0 x 10-3 CP/Oc-15 S=A. 537004 

CHCl3 5.4 x 105 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 
107 L mol-1 s-l. 

78A005 

CHCl3 0.036 CP/Pa-15 S = A; studied at 263-317 K. 55FOO4 

CHCl3 0.014 CP/Oc-15 S=A. 537004 

CS2 2.6 x 10-3 CP/Ac-15 S=DNT. 727028 

CS2 3.6 x 10-3 CP/Oc-15 S=A. 537004 

CS21 C6H6 (99: 1) 0.015 CP/Oc-15 S = A; solvent in mole %. 537004 

CS21 C6H6 (96:4) 0.027 CP/Ac-15 S = DNT; solvent in mole %. 727028 

CS21 C"H(i (95:5) 0.038 CP/Oc-15 S = A; solvent in mole %. 537004 

CSz/ C6H6 (93:7) 0.052 CP/Ac-1S S = DNT; solvent in mole %. 727028 

CSzI C6H6 (90: 10) 0.062 CP/Oc-15 S = A; solvent in mole %. 537004 

CS'.i C6H6 (75:25) 0.094 CP/Ac-15 S = TPP; solvent in mole %. 727028 

CSzl C6H6 (50:50) 0.077 CP/Ac-15 S = TPP; solvent in mole %. 727028 

3.4 Anthracene,l-chloro-

CC14 4.1 x 10-3 CP/Oc-15 5=A. 537004 

CHCl3 0.045 CP/Oc-15 S=A. 537004 

CSz 4.9 x 10-3 CP/Oc-15 S=A. 537004 

3.5 Anthracene, 9-chloro-

CCl4 3.2 x 10-3 CP/Oc-15 S=A. 537004 

CHC13 0.024 CP/Oc-15 S A. 537004 

CSz 3.0x 10-3 CP/Oc-15 S=A. 537004 

3.6 Anthracene,1-chloro-9,lO-diphenyl-

CHel3 27<. IOn CI'/A'c-33 S "" A/- Rub; used kd = 1.7 x 104 s-I, kA'"" 5.3 x 7&AOO5 

107 Lmor1 s-I. 

3.7 Anthracene, 9,lO·dichloro- (DeJA) 

CC14 0.010 CPfOc·t~ S=A. 537004 

CHC13 0.060 CP/Oc-15 S=A. 537004 

CS2 0.017 CP/Oc-15 S=A. 537004 

3.8 Anthracene,9,lO-dimethoxy-

C6H6 1.4 x 107 (kr) 298 CPI Ac,A' c-17 S = A' = Rub; used k/' = 4.2 X 107 L mol-1 
S .. I; 747312 

meas. k/k/, = 0,33. 

_I Dh"C!' ,..h........ D",f n...... \1 .... 1 .,Jl IU_ ., -4 nnz: 
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TABLE 3. Rate constants for interaction of singlet oxygen with aromatic substrates. - Continued 

~'-

Nt). Solvent k P(kJk) T Method Comment Ref. 
(Lmol-I s-I) (mol L-I) (K) 

)~, Anthracene, 1,4-dimethoxy-9,lO-diphenyl- (DMDPA) 

(~HshO 2 x 10-4 CP/Ac-15 S=A. 84F197 

C6HsCH3 1.3 x 108 PULd-2 S=A. 93F207 

CH3C02~Hs 9.3 x 10-5 CP/Ac-15 S=A. 84F197 

CHCl3 3.2 x 108 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 S-I, kA' = 5.3 x 
107 L morl s-I. 

78AOO5 

).10 Anthracene, 9,lO-dimethyl- (DMA) 

CsHsN 1.0 x 10-3 285 CPIPa-20 S=MB;A'=TME. 737202 

CsHsN 1.4 x 10-3 285 CPIPa-20 S=A;A'=TME. 737202 

CsHsN 1.4 x 10-3 285 CPIPa-20 S = ThCl; A' = TME. 737202 

CsHsN CP/Ac-17 S = MB; A' = TME; meas. k/k/: = 1.0. 66F041 

c-C6H12 1.2 x 107 5 X 10-3 297 CP/Ac-15 S = A; used kd = 5.9 X lO4 S-I. 747207 

C~sBr CP/Ac-17 S = MB; A' = TME; meas. k/k/' = 1.0. 66F041 

C6HSCH3 2 x 10-3 CP/Ac-15 S=A. 84F197 

C~sCH3 1.5 x 10-3 298 CP/Ac-16 S = A; A' = Leucomalachite Green. 79F148 

C~ 2.5 x lO7 293 CP/Ac-15 S = Rub; used kd = 4.2 X 104 S-I. 85N293 

C~ 1.2 x 10-3 298 CP/Ac-? S=A. 767422 

C~ 2.1 x 107 2 X 10-3 298 CP/Ac-15 S = A; used kd = 4.2 X 104 s-I. 747312 

C~ 3.0 x 10-4 298 CP/Ac-15 S = A, Rub, Tetr. 706079 

C6~ 3.0x 10-4 298 CP/Ac-? S = Per and An. 69F388 

C6HdMeOH 4.8 x 107 CP/A'c-33 S = A' = Rub; kd and kA' not given; 6 x 10-3 mol 88F650 
(60:40) L-I KOH. 

CCl4 7.0 x 106 (kr) 297 CPI Ac,A' c-17 S = A' = Rub; used kr A' = 1.4 X 107 L mol-1 S-l; 747207 
A' meas. k,I"-c = 0.5. 

CH3CN 1.7 x 108 2 X 10-4 CP/Ac-15 S = MB; used kd = 3.3 X 104 s-l. 777113 

CHC13 2.9 x 107 PULd-2 S=MB. 93A050 

CHCl3 3.2 x 107 5.2 x lO-4 CP/Pa-14 S = 1,5-Diarnino-4,8-dihydroxyanthraquinone; 
used kd = 1.7 X 104 s-I; P = 9,10-

80E446 

Dimethylanthracene endoperoxide. 

CHCl3 9.3 x 107 2x 10-4 CP/Ac-15 S = MB; used kd = 1.7 X 104 s-l. 777113 

CHCl3 2.7 x 107 (kr) 297 CPt Ac.A' c-17 S = A' = Rnh; llsed k/' = 4.2 )( 107 L morl s-l; 747207 
meas. k,lk/' = 0.64. 

CS2 1.6 x 107 295 MPILd-2 S=TPP. 89A400 

CS2 2 x 10-{i 295 CP/Ac-14 S=A. 89A400 

CS2 1.3 x 107 (~) 297 CPI Ac,A' c-17 S = A' = Rub; used kr A' = 2.5 X 107 L morl s-l; 747207 
A' meas. kller = 0.5. 

ClCF2CCl2F 1 x 10-{i 295 CP/Ac-14 S = A; [DMA] = (4-11) x lO-s mol L-1• 89A400 

ClCF2CCl2F 2x 10-5 295 CP/Ac-14 S = A; [DMA] = (3-9) x 1O-{i mol L-1• 89A400 

D2O(mic) 7.4 x 108 6.8 X 10-5 298 CP/Ac-15 S = MB; used kd = 5.0 X 104 s-l; A solubilized in 78F061 
DTAC micelles. 

D20 (ves) 3.1 x 108 CP/Ac-14 S = RB; used kd = 1.8 X 104 S-I; used «!lise (RB) = 86NI04 
0.76; 0.05% egg yolk lecithin. 

EtOH 4.6 x 107 293 CP/Ac-15 S = MB; used kd = 8.3 X 104 s-l. 85N293 

EtOH 3.9 x 107 2.1 X 10-3 298 CP/Ac-15 S = MB; used kd = 8.3 X 104 s-I. 78F061 

EtOH 4.4 x 107 1.9 X 10-3 298 CP/Ac-15 S = Bos; used kd = 8.3 X 104 s-l. 78F061 

EtCH 1.2 x 107 7.2 x 10-3 297 CP/Ac-15 S = A; used kd = 8.3 X 104 s-l. 747207 

EtCH! H20 (50:50) 2.0 x 108 293 CP/Ac-15 S = MB; used kd = 2 X 105 S-I. 85N293 

H20 (mic) 5x 107 293 CP/Ac-15 S = MB; used kd = 2.5 X 105 s-l; 0.015 mol L-1 85N293 
crAB. 
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TABLE 3. Rate constants for interaction of singlet oxygen with aromatic substrates. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(Lmorl s-I) (mol L-I) (K) 

3.10 Anthracene, 9,10·dimethyl· (DMA) - Continued 

H20 (mic) 5.4 x 107 293 CP/Ac-15 S = MB; used kd = 2.4 X 105 s-I; 0.1 mol L-I 85N293 
SOS. 

H20 (mic) 7.5 x 108 6.6 X 10-4 298 CP/Ac-15 S = MB; used kd = 5.0 X 105 s-l; A solubilized in 78F061 
OTAC micelles. 

H20 (mic) 9.1 x 108 5.5 X 10-4 298 CP/Ac-15 S = Eos; used kd = 5.0 X 1055-1; S and A 78F061 
solubilized in OTAC micelles. 

H20 (ves) 3.2 x 108 CP/Ac-14 S = RB; used kd = 2.5 x lOs S-I; used 4Iisc(RB) = 86NI04 
0.76; 0.05% egg yolk lecithin. 

MeOH 6.9 x 107 293 CP/Ac-15 S = MB; used kd = 1 X 105 s-l. 85N293 

MeOH 4.8 x 107 3 x 10-3 CP/Ac-15 S = MB; used kd = 1.4 X 105 s-I. 777113 

MeOH 2.4 x 107 8.0x 10-3 297 CP/Ac-15 S = A; used kd = 1.4 X 105 s-l. 747207 

MeOHlH2O 2.0x 108 293 CP/Ac-15 S = MB; used kd = 1.8 X 105 s-I. 85N293 
(80:20) 

3.11 Anthracene, 9,10·diphenyl· (DPA) 

CsHsN CP/Ac-17 S = A; A' = TME; meas. k1k/ = O.IS. 66F041 

C6HsCH3 7.8 x 105 PULd-2 S=A. 93F207 

C6HSCH3 0.031 293 CP/Ac-16 S=A'=Rub. 83F335 

C6H6 1.2 x 106 0.04 298 CP/A'c-20 S = A' = Rub; used kd = 4.2 X 104 
S-I, ~A' = 1.0 x 

10-3 mol L-1• 

747312 

C6H6 0.040 298 CP/Ac-15 S=A. 727196 

C6H6 0.060 CP/Ac-20 S = ZnTPP; A' = (C2HshS. 71F580 

C6H6 0.045 CP/Ac-15 S=A. 59F003 

C6H6 0.057 CP/Ac-15 S=A. 55F004 

CC14 6x lOS CP/Ac-14 S = TPP; used kd = 1.4 x 103 8-1• 80COO2 

CC14 6.0 x 10-4 CP/Oc-15 S=A. 537004 

CH2Cl2 4.2 x 106 (kr) 
8 x 106 (kq) 

1 x 10-3 CRlAc-31 used kd = 1.2 X 104 s-l; 102* from triphenyl 
phosphite ozonide; f/ = 0.3. 

85M406 

CHCl3 3.0x lOU CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104
8-1

, kA, = 5.3 x 78AOO5 
107 L morl s-l. 

CHCl3 4.0x 10-3 CP/Oc-15 S=A. 537004 

CS2 5 x 10-5 295 CP/Ac-14 S A. 89A400 

CS2 8.5 x 105 295 MPILd-2 S=TPP. 89A400 

CS2 3.2 x 10-3 CP/Oc-15 S=A. 537004 

CICF2CC12F 1 x 10-" 29:1 CP/Ac·14 S=A. 89A400 

3.12 Anthracene, 9·methoxy-

C614 2.5 x 106 (kr) 298 CPI Ac,A' c-17 S = A' = Tetr; used kr
A' = 1.2 X 107 L morl 

S-I; 747312 
meas. k1kr A' = 0.21. 

3.13 Anthracene, 9.methyl. 

C"H" 2.3 x 106 293 CP/Ac-15 S = Rub; used kd = 4.2 X 104 5-1. 85N293 

C6~ 3.2 x 106 0.01 298 CP/A'c-20 S = A' = Rub; used kd = 4.2 X 104 
S-I, ~A' = 1.0 x 747312 

10-3 mol L-1• 

CCl4 3.3 X 10-3 CP/Oc-15 S=A. 537004 

CHCl3 8.1 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 78AOO5 
107 L mol-1 S-I, 

CHCl3 1.2 X 10-3 CP/Oc-15 S=A. 537004 

EtOH 2x 1O~ 293 CP/Ac-15 S = MB; used kd = 8.3 X 104 S-I, ~5N293 

EtOH! H20 (50:50) 1.7 x 107 293 CP/Ac-15 S = MB; used kd = 2 x 105 s-l. 85N293 

H2O 3.8 x 107 293 CP/Ac-15 S = MB; 0.068 mol L -I PEO; kd not given. 85N293 

I D .... '" "a..__ 1""I_.c "_A_ ,._. "'. ... - ". .......... -
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TABLE 3. Rate constants for interaction ofsinglet oxygen with aromatic substrates. - Continued .. ~ 
;,No, Solvent k 13 (kd1k) • T Method Comment Ref. 

(Lmorl S-I) (mol L-1) (K) 
~~. 

~13 Anthracene, 9-methyl- - Continued 

H2O 9.6 x 107 293 CP/Ac-15 S = MB; used kd = 3 x lOs s-I. 85N293 

H20 (mic) 1.7 x 107 293 CP/Ac-15 S = MB; u~ed kd = 2.4 x lOS S-I; 0.1 mol L-1 85N293 
SOS. 

H20 (mlc) 1.4 x 107 293 CP/Ac-15 S = MB; used kd = 2.5 x lOS s-l; 0.015 mol L-1 85N293 
crAB. 

MeOH 2x 106 293 CP/Ac-15 S = MB; used kd = 1 x lOS s-l. 85N293 

J~l" Anthracene, 9-phenyl-

C6~ 4.2 x lOS 0.10 298 CP/A'c-20 S = A' = Rub; used kd = 4.2 X 104 S-I, Px= LOx 747312 
10-3 mol L -I. 

CC14 7.4 X 10-4 CP/Oc-15 S=A. 537004 

CHCl3 7.2 x 10-3 CP/Oc-15 S=A. 537004 

CS2 8Ax 10-4 CP/0c-15 S-A. 537004 

3,.IS 9,lO-Anthracenedietbanesulfonate ion (AES) 

°201 H20 (80:20) 1.1 x 10-3 310 CRIPa-31 102* from NDP02. 89M097 
pH =7.4 

H2O 7.7 x 10-3 310 CRIPa-31 102* from NDP02. 89M097 
pH=7.4 

H2O 8 x 10-3 310 CRIPa-31 102* from Na0CllH20 2• 89M097 
pH =7.4 

H2O 4.7 x 10' (kr) CRlAc,Pa-31 102* from H20 2/OCI-; counter ion Na+; meas. 85A176 
kller = 0.35; used kd = 2.5 x 105 s-l. 

H201 °20 (62:38) 3 x 10-3 310 CRIPa-31 102* from NaOC1lH20 2. 89M097 
pH =7.4 

·:.\.16 9,lO-Anthracenedipropionate ion (ADPA) 

D2O· 8.2 X 10' PUAd-5 S=MB. 80A205 

H2O 1 x 108 295 CP/Ac-14 S = RU(bpyh2+; used kd = 2.5 X 104 s-I. 92A095 
pH =6.8 

3~J'7 l,s-Antbracenedisulfonate ion 

HiO ·7.0 x 106 0.070 303 CP/Ac-15 S = A; used kd = 5.0 x 105 s-I. 78A275 

H2O S10, 301 CPlP'a-23 S = A: A' = KI: Q = NaN3 : P' = h -. No 777074 
measurable effect. 

'.lS" l-Antbracenesulfonate ion 

HzO 5.4 x 107 9.2 x 10-3 303 CP/Ac-15 S "" A; uQed kll "" 5.0 x 105 Q-I. 78A275 

H2O 5.0x 108 301 CPlP'a-23 S = A; A' = KI; Q = NaN3; used kd = 5.0 x lOS 777074 
s-l, kQ= 2.2 X 108 Lmol-1 5-1; P' = 13-, 

3.1, 2-AnthraccllC5u1fonate ion 

H2O 4.5 X 10' 0.011 303 CP/Ac-15 S =A; used kd = 5.0 x lOS 5-1. 78A275 

H2O 3.0x 108 301 CPlP'a-23 S = A; A' = KI; Q = NaN3; used kd = 5.0 x 105 777074 
s-I,~=2.2 x 108 Lmorl s-l; P' = 13-, 

3.20 Antbra[I,9-bc:4,IO-b' c ']dichromene 

C~SCH3 5 x 108 1 X 10-4 CP/Ac-15 S = A; used kd = 5 X 104 s-l. 84F197 
82F068 

CS2 3.4 x 108 295 MPILd-2 S=TPP. 89A400 

3.21 9-Anthroate Ion 

H2O 2.0x 107 PUP'a-16 S = Ery; A' = TMPD; used ~ = 3.3 x lOS S-I;p' 82A080 
= [TMPDr+. 
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TABLE 3. Rate constants for interaction of singlet oxygen with aromatic substrates. - Continued 

No. Solvent k P (kd1k)· T Method Comment Ref. 
(L mol-1 8-1) (mol L-l) (K) 

3.22 BeD2Amide, 4-(bromomethyl)-N-(diphenylmethyl)-

CH2CI2 <105 PULd-2 S=MPDME. 91E134 

3.23 Benz[a ] anthracene 

C6~ 4.8.x 104 (kr) 298 CP/Ac.A'c-17 S = A' = An; used k/' = 1.6 X 10!) Lmol- I S-I; 747312 
A' meas. k/lcr = 0.30. 

3.24 Benz[a]allthracene,9,lO.dimethyl. 

C6H6 1.6 x 10-3 298 CP/Ac-? S=A. 767422 

C6H6 1.4 x 107 (kr) 298 CPI Ac.A' c-17 S = A' = Rub; used krA' = 4.2 X 107 L morl s-l; 747312 
meas. k/lcr A' = 0.33. 

C6H6 7.1 x 10-4 298 CP/Ac-15 S =AorTetr. 706079 

C6H6 8.3 x 10-4 298 CP/Ac-15 S=Rub. 706079 

C6H6 7.4 x 10-4 298 CP/Ac-? S = Per and An. 69F388 

H20 (mic) 2.5 x lOY 4.0 x 10---4 CP/Ac-lS S = MB; used kd = 1 X 106 s-l; A solubilized in 78NOO3 
eTAB micelles. 

3.25 Benzanthrone 

EtOH 9.6 x 108 CP/Ac-14 S = A; used kd = 6.7 X 104 S-I, 920048 

3.16 Benzene 

C6D6 2.7 x 103 PULd-2 S=TPP. 83E398 

CC14 3.9 x 103 298 CPILI-12 S = Benz[de]anthracen-7-one. phenalenone or 82E329 
ftuorenone; used kd = 32 s-l. 

CC14 2x 103 PUA'd-8 S = MB; A' = DPBF. 76F903 

CCli MeOH (96:4) 5 x 102 PUA'd-8 S = MB; A' = DPBF. 777162 

3.27 Benzene-d, 

CC14 1.3 x 102 298 CPILI-12 S ~ Bl::'u.t.{de]antillaceu-7-one. phellwc;none or 82E.329 
ftuorenone; used kd = 32 s-I, 

3.28 Benzene, 1,s-bis(1,1-dimethylethyl)-2,4-dimethoxy-

MeOH CPIPa.P"'a-17 S = RB; A' = TME; meas. k./k./' = 2.3 x 10--3, 701'4'4 

MeOH CRlPa,P' a-17 A' = TME; meas. k/krN = 3.0 x 10-3; 102* from 70F454 
HzOz/NaOCI. 

3.29 Benzene,1,3-bis(1,1-dimethylethyl)-2-methoxy-S-methyl-

MeOH 5.9 x lOs 0.20 CP/A'c-16 S = MB; A' = DPF; used ~ = 1.2 x lOs s-l. 78A171 

3.30 Benzene, bromo-

CC14 2x 103 PUA'd-8 S = MB; A' = DPBF. 76F903 

3.31 Benzene, chloro-

CC~I MeOn (98;2) 2.1 x 103 293 PUA'd-8 S "" MB; A' "" DPBF. 83A371 

3.32 Benzene, 2-chloro-l,4-dimethoxy-

CH3CN 4.7 x lOs PULd-2 S=RB. 91A341 

dioxane <1 x 104 PULd-2 S=ZnTPP. 91A341 

3.33 Benzene,S-chloro-l,3-dimethoxy. 

CH3CN 5.6 x lOs PlJLd-2 S=RB. 91A341 

dioxane 6.1 x lOs PULd-2 S=ZnTPP. 91A341 

3.34 Benzene, 1·chloro-2-methoxy-

MeOH <104 CP/Ac-23 S A' = Rub; used kd = 1.4 x lOS S-1, kfo{ = 5 x 90F518 
107 Lmorl s-l; 0.01 mol L-1 KOH. 
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TABLE 3. Rate constants for interaction of singlet oxygen with aromatic substrates. - Continued 

Solvent k P (kik) T Method Comment Ref. 
(L mol-1 s-l) (mol L -1) (K) 

1 \ ~, Iknzene,I,3-dichloro-

C6H6/MeOH <104 CP/A'c-33 S = A' = Rub; kd and kA: not given; 6 x 10-3 mol 88F650 
(60:40) L-1KOH. 

'·1(, Benzene, 1,4-dichloro-

C6H6/MeOH <104 CP/A'c-33 S = A' = Rub; kd and kJ>: not given; 6 x 10-3 mol 88F650 
(60:40) L-1 KOH. 

Benzene, 2,6-dichloro-l-methoxy-

C6~/MeOH <104 CP/A'c-33 S = A' = Rub; kd and kA, not given; 6 x 10-3 mol 88F650 
(60:40) L-1 KOH. 

I 11\ Benzene, 1,2-dimethoxy-

MeOH ::;;5 x 106 (kr) 293 CP/Ac,A'c-17 S = RB and MB; A' = 1,2,4,5-C6H2(CH30)4: No 72A020 
measurable effect. 

\ I') Benzene,I,3-dimethoxy-

MeOH ::;;s x 106 (kr) 293 CPI Ac,A' c-17 S = MB and RB; A' = 1,2,4,5-C6H2(CH30)4; No 72A020 
measurable effect. 

IHI Benzene, 1,4-dimethoxy-

MeOH ::;;s x 106 (kr) 293 CP/Ac,A'c-17 S = MB and RB; A' = 1,2,4,5-C6H2(CH30)4; No 72A020 
measurable effect. 

',II Benzene, ethyl-

CCl4 1.3 x 105 296 CRlLI-12 used kd = 1.7 X 103 s-l; 102* from DMN02• 90F069 

CCli MeOH (98:2) 3.6 x 103 293 PUA'd-8 S = MB; A' = DPBF. 83A37 I 

CCli MeOH (96:4) 5 x 102 PUA'd-8 S = MB; A' = DPBF. 777162 

1,·I!. Benzene, hexamethoxy-

MeOH 293 CPI Ac,A' c-17 S = MB and RB; A' = 1,2,4,5-C6H2(CH3O)4; 72A020 
A' meas. klkc = 0.031. 

',11 Benzene, methoxy-

C6H~MeOH <104 CP/A'c-33 S = A' = Rub; kd and kJ>: not given; 6 x 10-3 mol 88F650 
(60:40) L-1 KOH. 

CCl4 2.0x 105 296 CRlLI-12 used kd = 1.7 X 103 5-1; 102* from DMN02. 90F069 

MeOH ::;;5 x 106 (kr) 293 CPt AC,A' c-17 S = RB and MB; A' = 1,2,4,5-C6Hz(CH30}4; No 72A020 
measurable effect. 

1.,14 Benzene, I-methoxy-2.nitro-

MeOH/C6~ <103 CP/Ac-23 S = A' = Rub; used kd = 1 X 1055-1, kA,= 5 X 107 90F518 
(60:40) LmoI-1 5-1; 0.01 mol L -1 KOH. 

\,.J.5 Benzene, (3-methyl-2-butenyl)-

MeOH 0.15 293 CP/Oc-15 S = RB; Ea = 9.6 kJ mol-I. 68F288 

MeOH 0.13 ? Method not gi yen. 627005 

1,.16 Benzene, 1,1' -(2-methyl-l-propenylidene)bis-

CH3CN 5.0x 106 PULd-2 S = (C6Hs}zCO. 91E697 

1.47 Benzene, nitro-

CH2Cl2 5.0x 103 PULd-2 S=MPDME. 9IE134 

1.48 Benzene,pentamethoxy-

MeOH 293 CPt Ac,A' c- J 7 S = MB and RB; A' = 1,2,4,5-C6H2(CH3O)4; 72A020 
A' meas' klkr = 0.19. 
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TABLE 3. Rate constants for interaction of singlet oxygen with aromatic substrates. - Continued 

No. Solvent k J3 (kJk) T Method Comment Ref. 
(L mol-I s-l) (mol L-1) (K) 

3.49 Benzene, 1,2,3,4-tetramethoxy-

MeOH S5 x 106 (kr) 293 CP/Ac,A'c-17 S = MB and RB; A' = 1,2,4,5-C6H2(CH30)4; No 72A020 
measurable effect. 

3.50 Benzene, l,2,3,5-tetramethoxy-

MeOH 293 CPI Ac,A' c-17 S = MB and RB; A' = 1,2,4,5-C6H2(CH3O)4; 72A020 
A' meas. krlkr = 0.15. 

3.51 Benzene, 1,2,4,5-tetramethoxy-

MeOH 293 CPI Ac,A' c-17 S = MB and RB; A' = 1,2,4-C6H3(OCH3h; meas. 72A020 
krlk/, = 12. 

3~1 Benzene, l,l,3-trimetboxy-

MeOH S5 x 106 (k,) 293 CPI Ac,A' c-17 S = MB and RB; A' = 1,2,4,5-C6H2(CH30)4; No 72A020 
measurable effect. 

3.53 Benzene, 1,2,4-trimethoxy-

MeOH 1.8 x 107 6.4 x 10-3 CP/A/c-16 S = MB; A' = DPF; used kd = 1.2 x lOs S-I. 78A171 

3.54 Benzene. 1.3.s·trimethoxy-

MeOH S5 x 106 (ke) 293 CPI Ac,A' c-17 S = MB and RB; A' = 1,2,4,5-C6H2(CH30)4; No 72A020 
measurable effect. 

3.55 Benzenemethanol, a-methyl-

CCli MeOH (98:2) 4.1 x 103 293 PUA'd-8 S = MB; A' = DPBF. 83A371 

3.56 Benzo[I,2,3-kl:4,5,6-k'I']dixanthene (BDX) 

C6HSCH3 1.0 x 108 5.1 X 10-4 CP/Ac-15 S = A; used kd = 5 X 104 s-I . 84F197 
82F068 

CS2 7.2 x 107 295 MPILd-2 S=TPP. 89A400 

3.57 Benzoic acid, methyl ester 

CCl4 3x 103 PUA'd-8 S = MB; A' = DPBF. 76F903 

3.58 Benzophenone (BP) 

C6~ <3 X 104 (kr) CP/A/c-17 S = A' = Rub; kA,[A/]/(kA,[A 1 + k[BP] > 0.95 81F364 
when [BP] = 0.1 mol L -I and [A1 = 5 x 10-4 mol 
L-1• 

ClCF2CCl2F 4x 103 298 FPILd-2 S=Per. 82A322 

3.59 Biphenyl, 2-methoxy-

EtOH 2.3 x 106 PULd-2 S = RB: 7.5 x 10-3 mol L-1 KOH. 93E536 

3.60 Cyclopentadienone, tetra phenyl-

Dibutyl CP/Ac-17 S = N-[2-[(2-Bromo-4,6-dinitrophenyl)azoJ-5- 81F609 
terephthalate [(2-cyanoethyl)(2-

hydroxyethyl)arnino ]-4-methoxyphenyl]acetarnide; 
A' = BRH2; meas. krlkrA' = 1.0. 

C6HsCHOHCH3 CP/Ac-17 S = N-[2-[(2-Bromo-4,6-dinitrophenyl)azo]-5- 81F609 
[(2-cyanoethyl)(2-
hydroxyethyl)amino ]-4-methoxyphenyl]acetarnide; 
A' = BRH2; meas. krlk, A' = 0.6. 

C6H6 1 x 108 (kr) 1.0 x 10-4 298 CP/Ac-15,27 S = Cor; used kd = 3.7 X 104 s-l; meas. kq/ler = 82A179 

2.2 x 108 (kq) 1.6. 

C6~ 298 CP/Ac-17 S = A' = DPBF; meas. krlkc A.' = 3.8. 82A179 

CH2Cl2 5 x 107 (kr) 1 x 10-4 CRlAc-31 used kd = 1.2 X 104 s-I; 102* from triphenyl 85M406 

6 ~ 107 (kq) phosphite ozonide; f/ = 0.46. 

CH3CN 6 x 107 (k,) 298 CP/Ac-15,27 S = Cor; used kd = 1.8 X 104 s-l; meas. kller = 82A179 

4 x 108 (kq) 6.2. 
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TABLE 3. Rate constants for interaction of singlet oxygen with aromatic substrates. - Continued 

Solvent 
.. " ", 

i~$:~i:_4 

:jM '~elopentadienone, tetrapbenyl- - Continued 

(C6HS)21 (C6Hs)20 
(25:75) 

MeOH 

dioxane 

::~.. D~benz[a,h]antbracene 
c-C6H12 

2.5 X 10-4 

9.5 X 103 (kr) 

T Method Comment Ref. 
(K) 

CP/Ac-17 S = N-[2-[(2-Bromo-4,6-dinitrophenyl)azo]-5- 81F609 
[(2-cyanoethyl)(2-
hydroxyethyl)amino ]-4-methoxypheny l]acetamide; 
A' = BRH2; meas. k/ = <:0.06 x kr A in dibutyl 
terephthaIate. 

CP/Ac-17 S = N-[2-[(2-Bromo-4,6-dinitrophenyl)azo]-5- 81F609 
[(2-cyanoethyl)(2-
hydroxyethyl)amino]-4-methoxyphenyl]acetamide; 
A' = BRH2; meas. k/k/' = 0.6. 

CP/Ac,A'c-18 S = MB; A' = DPBF; used ~A' = 7.3 x 10-s mol 90F25l 
L-1• 

CP/Ac-14 S = O-Methyl Rose Bengal methyl ester; used 
~&(S) = 0.70; 10-3 mol L -1 HCI. 

90F251 

298 CP/Ac,A'c-17 S = A' = An; used krA' = 1.6 x lOs L mor1 s-l; 
A: . 747312 

meas. k/Jcr = 0.59. 

W Dlbenzo[fg,ul']napbtho[2,3-c]pentaphene-9,19.dione, 1,2,3,4,11,12,13,14-octahydro-

C6~ 4.3 x 108 9.7 x 10-s 298 CP/Ac-14 S = A; used kd = 4.2 X 104 S-l. 93F128 

iltM DlbclDO[a.j]peryleue 

~6~ >2x 108 CP/Ac-14 S =A; used kd = 4.2 x 104 s-l. 79F473 

.)M Dlbenzo[a,o ]perylene, 7,16.diphenyl- (Mesodipbenylhelianthrene, MDB) 

n-CSH12 4x 109 7 X 10-6 CPIPa-14 S =A; used kd = 2.9 X 104 s-l. 87F480 

c-C6H12 7.5 x 109 6.7 X 10-6 CP/Ac-23 S = A; Q = Car; used kd = 5.0 X 104 s-l. 83F406 

C6HsCH2OH 2.6 x 109 3 x lO-s CPIPa-14 S = MB; used kd = 7.1 X 104 8-1; meas.// = 0.35. 87F479 
8 x 108 (kr) 

C6HsCH3 7.3 x 109 5.5 X 10-6 CP/Ac-23 S = A; Q= Car; used kd = 4.0 X 104 s-I. 83F406 

C6HsCH31 MeOH 5x 109 8.2 X 10-6 CPIPa-14 S MB; used kd ::;:4.0 x 104 s-l; meas,f/ = 0.29. 87F479 
(99;1) 1.5 x 109 (A;-) 

CH3COCH3 5x 109 5.2x 10-6 CPIPa-14 S = MB; used kd = 2.5 X 104 s-l. 87F479 
1.4 x 109 (kr) 

. CH3COCH3 5.7 x 109 3.9 x 10-6 CP/Ac-23 S "'" A; Q "" Car; used kll ",.. 2.2 x 104 s-l . 83F406 

CHCl3 3.4 x 109 1.2 x 10-6 CP/Ac-23 S = A; Q = Car; used kd = 4.1 X 103 S-l. 83F406 

CS2 2.0 x 109 295 MPILd-2 S=TPP. 89A400 

CS2 1.1 x 109 6 X 10-7 CP/Ac-23 S = A; Q = Car; used ~ = 1.1 X 103 s-l. 83F406 

EtOH 7.0x 1O!) 293 PUAd,Pb-5 S=An. 87F541 

MeOHl C6HSCH3 4x 109 2.6 x lO-s CPIPa-14 S = MB; used kd = 1.1 x lOS 8-1; meas,f/ = 0.27. 87F479 
(97:3) 1.3 x 109 (}t:..) 

3.6S mindeno[5,6-a:5',6' -j]perylene-8,17 -dione, 1,2,3,lO,11,12-bexahYdro-

C6H6 5.1 x 108 8.2 x 10-5 298 CP/Ac-14 S = A; used kd = 4.2 X 104 s-l. 93F128 

3;.66. " :,ii'luorene, 9-(ftuoren-9-ylidene)

CH2C12 

dioxane! MeOH 
(80:20) 

3.67 Helianthrene (Dibenzo[a,o]perylene) 

n-CSH 12 

C6HsCH20H 

C6HsCH31 MeOH 
(99:1) 

4x 109 

2 X 109 (kr) 

4.7 x 109 (k.-) 

8 X 10-6 

3 x lO-s (~r) 

8.6 X 10-6 (~r) 

CP/Ac,A' c-17 S = MB; A' = TME; meas. "-rIkr A: = 0.034. 

CRlAc,A'c-17 A' = TMB; meas. k/k/' = 0.034; 102* from 
H20 2/NaOCl. 

70F200 

70F200 

CPIPa-14 

CP/Pa-14 

CP/Pa-14 

S = A; used kd = 2.9 X 104 s-l. 87F480 

S = MB; used kd = 7.1 X 104 S-I; meas.// = 0.99. 87F479 

S = MB; used kd = 4.0 X 104 s-l; meas.lrA = ":"" 1.0. 87F479 
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TABLE 3. Rate constants for interaction of singlet oxygen with aromatic substrates. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(Lmol-1 s-l) (mol L-1) (K) 

3.67 Helianthrene (Dibenzo[a,o]perylene) - Continued 

CH3COCH3 4.6 x 109 (kr) 5.5 x 10-6 (~r) CP/Pa-14 S=MB; usedkd =2.5x 104 s-1;//=-1.0. 87F479 

MeOHl C6H5CH3 5.1 x 109 (kr) 2.2 x 10-5 (~r) CP/Pa-14 S = MB; used kd = 1.1 X 105 s-I; meas.// = -1.0. 87F479 
(97:3) 

3.68 Heterocoerdianthrone (Dibenzoperylene-3,9-quinone, HCD) 

1,2,4-C6H3CI3 4x 107 5 X 10-4 298 CP/Ac-15 S = A; k estimated using kd(C6HsBr) = 2 x 104 767570 
s-I. 

C6HSCH3 6.8 X 107 5.9 X 10-4 CP/Ac-15 S = A; used kd = 4.0 X 104 s-I. 80Fl51 

C6H6 3.6 x 108 1.2 X 10-4 298 CP/Ac-14 S = A; used kd =4.2 x 104 s-I. 93F128 

C6H6 7 x 107 6x 10-4 298 CP/Ac-15 S = A; used kd =4.2 x 104 s-l. 767570 
777176 

CC14 7x 107 2 x lO-s 298 CP/Ac-15 S = A; used kd = 1.4 X 103 s-I. 767570 

CHC13 7 x 107 3 X 10-4 298 CP/Ac-15 S = A; used kd = 1.7 X 104 S-I. 767570 

CS2 6.6 x 107 295 MPILd-2 S=TPP. 89A400 

CS2 8 x 107 6 x 1O-s 298 CP/Ac-15 S = A; used kd = 5.0 X 103 s-l. 767570 
777176 

3.69 Indene 

MeOH 2.0 293 CP/Oc-15 S = MB; Ea = 11 kJ morl. 68F288 

MeOH 1.5 293 CP/Oc-15 S = RB; Ea = 13 kJ mol-I. 68F288 

3.70 Indene, l,2-diphenyl-

CH3COCH3 S.2 x lOs 248 PULd-2 S=MPDME. 83F195 
8.4 x 105 224 

3.71 Indene, I-methyl-2-phenyl-

CH3COCH3 2x 106 298 PULd-2 S=MPDME. 83F195 
1.0 x 106 223 

CH3COCH3 2 x 105 (kr) 298 CP/Ac-17 S = RB; A' = 2M2P; used kr A' = 8.1 X 105 L 83F195 
1 x 106 (kr) 195 mol-1 s-l. 

3.72 1,4-Methanonaphthalene, 1,2,3,4-tetrahydro-

CH2Cl2 3.9 x 104 PRlA'd-8 S = An; A' = DPBF. 79A457 

3.73 1,4-Methanonaphthalene, 1,2,3,4-tetrahydro-S,8-dimethoxy-

C6HdMeOH 6x 106 298 CP/A'c-20 S = RB; A' = c-C6HIO; used kd = 6.3 X 104 s-l, 78F586 
(75:25) ~A'= 3.1 mol L-1

• 

CH2Cl2 1.3 X 107 PRlA'd-8 S = An; A' = DPBF. 79A457 

3.74 Naphthalene 

1-BuOH 5.2 x 108 1.0 X 10-4 293 CP/Ac-15 S = MB; used kd = 5.2 X 104 s-I. 78A266 

3.75 Naphthalene, l,2-dimethyl-

CH3CN 288 CP/Oc-17 S = MB; A' = 1,5-Np(CH3h; meas. klkr A' = 3.3. 80F204 

3.76 Naphthalene, 1,3-dimethyl-

CH3CN 288 CP/Oc-17 S = MB; A' = 1,5-Np(CH3h; meas. klk/' = 1.0. SOF204 

3.77 Naphthalene, 1,4-dimethyl-

c-C6H12 1.2 x 104 (kr) 298 CPI Ac,A' c-17 S = A' = An; used kr A' = 1.6 x lOs L morl s-l; 747312 
A' meas. k/kr = 0.075. 

CH3CN 288 CP/Oc-17 I A' S = MB; A = 1,5-Np(CH3h; meas. klkr = 10. 80F204 

EtOHl H20 (86: 14) 1.3 x 105 (kr) 278 CP/A'c-14,27 S = RB; A' = a-Terpinene; used kd = 8.8 X 104 86A216 
-1 s . 

MeOH 4.2 x 104 (kr) 278 CP/A'c-14,27 S = RB; A' = a-Terpinene; used kd = 9.5 X 104 86A216 
-1 s . 

.I Phv~ r.h~m R~f n~t~ Unl ~4 Nn ~ 1 QQI; 
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TABLE 3. Rate constants for interaction of singlet oxygen with aromatic substrates. - Continued 

Solvent P(kik) 
(mol L-1) 

T Method 
(K) 

Comment Ref. 

~w~~-·-----------------------------------------------------------------------------------------

Jlfl Naphthalene, 1,4-dimethyl- - Continued 

MeOHl H20 3.7 x lOs (ke) 
(80:20) . 

I-PrOHlH20 
(73:27) 

,~', Naphthalene, 1,6-dimethyl

CH3CN 

'*" Naphthalene,I,7-dimethyl

CH3CN 

·'UONaphthalene, l,8-dimethyl

CH3CN 

Ut Naphthalene, 2,3-dimethyl

CH3CN 

.,P2 Naphthalene.2.6-dimethyl

CH3CN 

W Naphthalene, 2,7-dimethyl

CH3CN 

,.... Naphthalene, 1,1 '-(I,2-dimethyl-l,2-diethenyl)bis-, (2)

CC14 

)j$ Naphthalene, 2,2'-(1,2-dimethyl-l,2-diethenyl)bis-, (2)

CC14 

·Ut Naphthalene, I-methyl-

CH3CN 

).17 Naphthalene, 1-(2-methylpropenyl)-

C6~ 1.9 

CC14 0.14 

CH3COCH2CH3 1.0 

CHCl3 0.23 

EtOH 3.3 

,JJ8 1,4-Naphthalenedipropionate ion (NDP) 

EtOHI H,O (86:14) 6.0 x 104 (k,.) 

H2O 0.16 
pH = 9.5-11.5 

H2O 1.4 x 106 (ke) 

MeOH 1.0 X 104 (ke) 

MeOHlH2O 5.8 x 104 (ke) 
(80:20) 

1-PrOHlH20 1.3 x lOs (ke) 
(73:27) 

278 CP/A'c-14,27 S = RB; A' = a-Terpinene; used kd = 1.3 x lOs 86A216 
s-l .. 

278 CP/A'c-14.27 S = RB; A' = a-Terpinene; used kd = 1.1 x lOs -86A216 
s-l. 

288 CP/Oc-17 S = MB; A' = 1,5-Np{CH3)2; meas. kelkeA' = 0.52. 80F204 

288 CP/0c-17 S = MB; A' = 1,5-Np(CH~)2; meas. kJ14 A' = 0.54. 80F204 

288 CP/Oc-17 S = MB; A' = 1,5-Np(CH3)2; meas. k,lk/' = 4.4. 80F204 

288 CP/Oc-17 S = MB; A' = 1,5-Np(CH3h; meas. k,lk/' = 0.22. 80F204 

288 CP/Oc-17 S = MB; A' = 1,5-Np(CH3h; ineas. k,lk/, = 0.12. 80F204 

288 CP/Oc-17 S = MB; A' = 1,5-Np(CH3h; meas. kJler A' = 0.12. 80F204 

CP/Ac,A"c,Pa- S = TPP; A' = (E)-2,3-Di(a-naphthyl)-2-butene; 79F051 
17 meas. kellerA' = 9.4; A" = TME. 

CP/Ac,A"c,Pa- S = TPP; A'= (E)-2,3-Di(p-naphthyl)-2-butene; 79F051 
17 meas. keller A'= 9.1; A" = TME. 

288 CP/Oc-17 S = MB; A' = 1,5-Np(CH3h; meas. keller A' = 0.39. 80F204 

277 CP/0c-14 S=TPP. 81F582 

277 CP/0c-14 S=TPP. 81F.582 

277 CP/Oc-14 S=RB. 81F582 

277 CP/Oc-14 S=TPP. 81F582 

277 CP/Oc-14 S=RB. 81F582 

278 CP/A'c-14,27 S = RB; A' = a-Terpinene; used kd = 8.8 X 104 

s-l; counter ion Na+. 
86A216 

293 CRlAc-31 102* from MOO/-/H202' 89M015 

278 CP/A'c-17 S = RB; A' = Rubrene-2,3,8,9-tetracarboxylate 86A216 
ion; used kd = 2.4 x lOs s-l, PA' = 1.5 X 10-3 mol 
L -1; counter ion Na+. 

278 CP/A'c-14,27 S = RB; A' = a-Terpinene; used kd = 9.6 X 104 

s-l; counter ion Na+. 
86A216 

278 CP/A'c-14,27 S = RB; A' = a-Terpinene; used kd = 1.3 x lOs 86A216 
s-l; counter ion Na+. 

278 CP/A'c-14,27 S = RB; A' = a-Terpinene; used kd = 1.1 x lOS 86A216 
s-l; counter ion Na+. 

II 



750 WILKINSON, HELMAN, AND ROSS 

TABLE 3. Rate constants for interaction of singlet oxygen with aromatic substrates. - Continued 

No. Solvent T Method 
(K) 

3.89 1,3-Naphthalenedipropionic acid, 4-methyl-

CH3CN 2 x 107 263 CPIAc-15 

3.90 1,3-Naphthalenedipropionic acid, 4-methyl-, dimethyl ester 

CH3CN I X. 108 263 CP/Ac-15 

3.91 I-Naphthalenepropionate ion, 4-methyl

H20 
pH = 9.5-11.5 

0.07 293 CRIPa-31 

3.92 I-Naphthalenepropionate ion, 4-methyl-, endoperoxide (MNP01) 

H20 9.0 x 108 (kq) 308 CRlA/c-32 

3.93 I-Naphthalenepropionic acid, 4-methyl-, endoperoxide 

CH2Cl2 8.5 x 107 (kq) 308 CRlA'c-32 

3.94 Naphtho[1,8-hc:5,4-h' ,c']dipyran (1,6-Dioxapyrene) 

Comment Ref. 

93F361 

93F361 

89M015 

83A317 

CD30n 5.8 x 107 PULd-2 S = HP. 93R31O 

3.95 Naphtho[1,2,3,4-rst]pentaphene-5,8-dione, 3,10-dimethyl- (Dimethylbomocoerdianthrone, HOeD) 

3.96 

3.97 

C6H5CH3 9 x 10-5 CP/Ac-15 S = DBrA. 82F446 
84FI97 

CS2 3.4 x 108 

Pentacene 

C6H6 4.2 x 109 (kr) 

Phenalen-l-one (PHO) 

Perftuorodecalin 3.2 x 104 

295 MP/Ld-2 S=TPP. 89A400 

298 CP/Ac,A'c-17 S = A; A' = DPBF; used k/' = 7.0 x 108 L morl 747312 
s-l; meas. k/kr A' = 6.0. 

29~ PULd-2 S=A. 91E427 

3.98 1,1 '-Spirobi[indenel-S,5',6,6' -tetracarboxylic acid, 2,2',3,3' -tetrahydro-3,3,3' ,3'-tetramethyl-, tetramethyl ester 

MeOH 9.0 x 107 CP/A'c-16 S = MB; A' = DPBF; used kd = 1.8 x 105 S-I . 91F516 

MeOH 2.0xl07 (kr) CP/Ac,A'c-17 S=MB; A'= DPBF; used krA'=8x 108 Lmol-I 91F516 
s-l. 

3.99 Stilbene (2)-

CCli MeOH (96:4) 3 x 103 PUA'd-8 S = MB; A' = DPBF. 777162 

3.100 Stilbene, 4,4' -dimethoxy-

CH3CN 1.4 CP/O~-18 S = RB; AI = 2,3-DlvfP; (3r A' uot gl ven. 93A103 

3.101 Stilbene, a,~-dimethoxy-

CH3COCH3 9.7 x 106 (kr) 281 S =?; A' = l,4-Dioxene; used kA, = 2.2 x 105 L 70F733 
mol-1 S-I; meas. kp/k:A' = 44. 

3.102 Stilbene, a,a' -dimethyl-, (E)-

CH3CN 1.0 x 106 PULd-2 S = (C6HshCO. 91E697 

CH3CN 0.11 286 CP/Oc-14 S=RB. 86A099 

3.103 Stilbene, a,a' -dimethyl-, (2)-

CC14 CP/Ac,A"c- S -- TI'I'; A' "" trans-<x,<x'-Dimcthylstilbcnc; 79FOSI 

Pa-I7 meas. k/krA' = 9.0; A" = TME; c.k. with TME. 

CH3CN 0.014 286 CP/Oc-14 S=RB. 86A099 

3.104 Stilbene, a-methyl-, (E)-

CCli MeOH (96:4) 3 x 103 PUA'd-8 S=MB;N=DPBF. 777162 
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TABLE 3. Rate constants for interaction of singlet oxygen with aromatic substrates. - Continued 

-Nt., Solvent k P (kd1k) T Method Comment Ref. 
(L mol-1 s-l) (mol L-1) (K) 

:t105 Stilbene, a-methyl-, (Z)-

CCli MeOH (96:4) 6 x 103 PUA'd-8 S = MB; A' = DPBF. 777162 

~106 Stilbene.2,2' -disulfonate ion, 4,4'-diacetamido-

H2O 2x 105 CP/A'c-23 S = MB, RB; A' = InH; used kA, = 7.7 X 105 L 87FSS4 
mol-I 8-1; counter ion Na+. 

~107 .5t11bene.2,2'-disulfonate ion, 4,4'-diamino-

H2O 1.9 x 106 CP/A'c-23 S = MB, RB; A' = InH; used kit: = 7.7 x 105 L 87F554 
mol-1 8-1; counter ion Na+. 

~108c Styrene 

CCli MeOH (96:4) Sx 103 PUA'd-8 S = MB; A' = DPBF. 777162 

~109 Styrene, 3-chloro-a,p,p-trimethyl-

MeOHl tert-BuOH CRIPa,P' a-17 A' = 4,a.P,~ Tetramethylstyrene; meas. k/Icr A' = 71FS77 
(SO:SO) 0.44; 102* from H20 2INaOCl; 

MeOHlCsHsN CPIPa,P' a-17 S = RB; A' = 4,a,p,p-TetramethyI8tyrene; meas. 71FS77 
(98:2) k1k/' = 0.38. 

,.ito Styrene, 4-chloro-a,p,p-trimethyl-

MeOH CPIPa,P'a-17 S = RB; A' = 2M2B; meas. k/Icr A' = 2.2. 71 FS77 

~nl Styrene,3-cyano-a,p,p-trimethyl-

MeOHl tert-BuOH CRIPa,P' a-17 A' = 4.a,p,p-Tetramethylstyrene; meas. k/Icr A' = 71 FS77 
(SO;SO) 0.2S; 102* from H20 2/NaOCI. 

MeOlI1 CsIIsN CP/Pa,P' a-I7 S = !~; A' = 4,a,p,p-Tetramethylstyrenc; meas. 7IF577 
(98:2) k/kr =0.20. 

j.112 Styrene,4-cyano-a,p,p-trimethyl-

MeOHl tert-BuOH CRIPa,P' a-17 A' = 4,a,p,p-Tetramethylstyrene; meas. k/Icr A' = 71F5TI 
(SO:50) O.IS; 102* from H20 2INaOCl. 

MeOHl tert-BuOH CPIPa,P'a-17 S = RB; A' = 4,a.p,(i-Tetramethylstyrene; meas. 71FSTI 
(98:2) k/lcrA: =0.17. 

3.113 Styrene, a-cyclopropyl.p,p-trimethyl-

CH3COCH3 CPI Ac,A' c-17 S =Eo8; A/= 78F430 
(Dicyclopropylmethylidene)cyclobutane; meas. 

A' "Ike =0.79. 

J~U4 Styrene, p,p-dimethyl-

C6~ 0.33 277 CP/0c-14 S=TPP. 81F582 

CCl4 O.OS 277 CP/0c-14 S=TPP. 81F582 

CH3COCH2CH3 0.25 277 CP/0c-14 S=RB. 81FS82 

CHC13 O.og 277 CPlOc-lif S""TPP. SlFSS'l 

EtOH 0.40 277 CPlOc-14 S=RB. 81FS82 

3.11S Styrene, 4-( dimethylamino )-a,Jj,P.trimethyl-

MeOHl tert-BuOR CRIPa,P' a-17 A' = 4-CH3OC6H4C(CH3)=C(CR3h; meas. 71F577 
(50:S0) k/k/' = 2.9; 102* from H20 2/NaOCI. 

MeOHlCsHsN CP/Pa,P'a-17 S = RB; A' = 4-CH3OC6H4C(CH3)=C(CH3h; 71F577 
(98:2) 1lleaS. kikTA' "" 2.0. 

3.l16 Styrene, 4-methoxy-p-methyl-

MeOR -0.010 293 CP/Oc-IS S = RB; Ea = 17 kI mol-I. 68F288 

3.117 Styrene,3-methoxy-a,p,p-trimethyl-

MeOHl tert-BuOH CRIPa,P' a-17 A' = 4,(X,p,p.. Tetramethylstyrene; meas. k/k/' = 71F577 
{50:50) 0.72; 102* from H20 2INaOCl. 

.1 Dh\lCl ~hDm DDf nat. V",I ?4 loin ? 1~ 
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·j."";I' , HAir l "tl~tlllll" /llr Illlcltlclion of singlet oxygen with aromatic substrates. - Continued 

';,;1 "'IIi A P (kik) T Method Comment Ref. 
(L 11101- 1 S-I) (mol L-1) (K) 

.'.117 SI)'I'('lIc,3-mcthoxy-a,p,p.trimethyl- - Continued 

MeOHlCsHsN CPIPa,P' a-17 S = RB; A' = 4,a,p,p-Tetramethylstyrene; meas. 71F577 
(98:2) A' "Ike = 0.67. 

3.118 Styrene, 4-methoxy-a,p,p-trimethyl-

MeOHl tert-BuOH CRIPa,P' a-17 A' = 4,a.,p,p-Tetramethylstyrene; meas. klke A' = 71F577 
(50:50) 1.3; 102* from H20 2INaOCl. 

MeOHlCsHsN CPIPa,P' a-17 S = RB; A' = 4,a.,p,p-Tetramethylstyrene; meas. 7lF577 
(98:2) klk/, == 1.4. 

3.119 Styrene, p-methyl-, (E)-

CCli MeOH (96:4) 2 x 103 PUA/d-8 S = MB; A' = DPBF. 777162 

3.120 Styrene, p-methyl-, (Z)-

CCli MeOH (96:4) 5 x 103 PUA/d-8 S = MB; A' = DPBF. 777162 

3.121 Styrene, 3,a,p,p-tetramethyl-

MeOHl tert-BuOH CRIPa,P' a-17 A' = p-Chloro-a.,p,p-trimethylstyrene; meas. 7lF577 
(50:50) A' 1 k/kr = 1.4; O2* from H2OiNaOCI. 

MeOHlCsHsN CP/Pa,P' a-17 S = RB; A' = p-Chloro-a.,p,p-trimethylstyrene; 71F577 
(98:2) I': meas. k/kr = 1.5. 

3.122 Styrene, 4,a,p,~.tetramethyl-

MeOHl tert-BuOH CRIPa,P' a-17 A' = p-Chloro-a.,p,p-trimethylstyrene; meas. 7lF577 
(50:50) "IkeI': = 1.9; 102* from H20 2/NaOCl. 

MeOHlCsHsN CP/Pa,P' a-17 S = RB; A' = p-Chloro-a.,p,p-trimethylstyrene; 71F577 
(98:2) meas. "Ike A' = 2.2. 

3.123 Styrene, a.,p,p-trimethyl- (TMS) 

MeOHl tert-BuOH CRIPa,P' a-17 A' = 4,a.,p,p-Tetramethylstyrene; meas. k/k,/' = 71F577 
(50:50) 0.83: 10:2* from H2O:2lNaOCl. 

MeOHl tert-BuOH CRlPa,P'a-17 ft( = 4-CH3OC6H4C(CH3)=C(CH3h~ meas. 7IFS77 
(50:50) k,/ke A' = 0.57; 102* from H20 2/NaOCI. 

MeOHlCsHsN CPIPa,P' a-17 S = RB; A' = 4-CH3OC6H4C(CH3)=C(CH3h; 71F577 
(98:2) meas. k/krA

' =0.51. 

3.124 Tetracene 

C6H6 2.4 x 10-3 298 CP/Ac-? S=A. 767422 

C6H6 1.2 x 107 (kr) 298 CPI Ac,A' c-17 S = A' = Rub; used krl': = 4.2 X 107 L mol-1 s-l; 747312 
meas. klkr A' = 0.29. 

C6f4 298 CP/Pa,P' a-17 S:: A; A' = DMA~ meas. k/kr
A' = 0.18. 706079 

C6f4 1.7 x 10-3 298 CPtAc-15 S=A. 706079 

C6H6 298 CP/Pa,P' a-I7 S = A; A' = DMBA; meas. "Ike A' = 0.46. 706079 

CC14 6.9 x 106 (kr) cPt Ac-14,27 S:: PP; used kd = 36 s-1. 82A421 

CC14 5 x 106 (kr) CP/Ac-27,28 S = Ph a; used kd = 36 s-I;I/ = 1. 79A01O 

CC14 5x 106 MP/Ll-12 S:: PP, Ph a or BChl a; used kd:: 36 s-l. 78E881 
79A01O 

CC14 7x 106 MP/LI-12 S = TPP; used kd = 36 S-I. 78E892 

CC14 5 x 106 MP/Ll-12 S = Ret; used kd = 36 S-1 . 78F700 

CH2Cl2 1.8 x 107 4.0 x 10-4 CP/Ac-14 S = A; used kd = 7.3 X 103 S-I. 75F654 

3.125 Tetracene, 5,6,1l,12-tetraphenyl- (Rubrene) 

CsHsN CP/Ac-17 S = A; A' = TME; meas. k/kr A' = 2.1. 66F041 

C5H!'jN CP/Ac-17 S '" MB; A' .... TME; meas. k/k'/' "'" 2,4. 66F041 

C6D6 4.3 x 107 PUAd-5 S = 3,6-Bis(dibutylamino)phenothiazinium 81A2S7 
bromide. 

J. Phys. Chern. Ref. Data, Vol. 24, No.2, 1995 
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TABLE 3; Rate constants for interaction of singlet oxygen with aromatic substrates. - Continued 

~:f~J~!X -

fM\ Solvent k ~ (kd1k) T Method Comment Ref. 
- -- (L mol-1 S-1) (mol L-1) (K) 
~.:-o.~:..~;~~~. :: 

,Jtl~ Tetracene, 5,6,1l,12-tetraphenyl- (Rubrene) - Continued 

c-C6H12 1.5 x 107 4.0x 10-3 297 CP/Ac-15 S = A; used kd = 5.9 X 104 s-I. 747207 

l,2,3-C6H3C13 5.0x 107 4x 10-4 298 CP/Ac-15 S = A; used ~ = 2.0 X 104 s-l. 756223 

C6HSBr 1.6 x 107 8 X 10-4 297 CP/Ac-15 S = A; used ~ = 1.3 X 104 s-l. 747207 

C6HsCH3 2.5 x 107 293 PUAd-5 S=A. 82E072 

C6HSCH3 5.5 x 107 9 X 10-4 298 CP/Ac-15 S = A; used kd = 5.0 X 104 s-l. 756223 

C6HsCN 1.3 x 108 PUAd-5 S=A. 83F075 

~H6 3.4 x 107 CP/Ac-15 S = A; used kd = ~.3 X 104 s-l. 87E142 

C6~ 1.0 x 10-3 298 CP/Ac-? S=A. 767422 

C6H6 4.7 x 107 9x 10-4 298 CP/Ac-15 S = A; used kd =4.2 x 104 S-I. 756223 

C6~ 4.2x 107 1.0 x 10-3 298 CP/Ac-15 S = A; used kd = 4.2 X 104 S-I. 747312 

C6~ 4.3 x 107 (kr) 298 CPI Ac,A' c-17 S = A; A' = 1,2-Dithiolane-3-pentanoic acid; 74F641 
used Icr A' = 1.0 x lOs L morl S-l; meas. "Ike A! = 
0.43; P derived assuming//' = 2. 

C6H6 9 X 10-4 298 CP/Ac-23 S = A; A' = 1,2-Dithiolane-3-pentanoic acid. 74F641 

C6fi(; 3.0 x: 10-4 298 CP/Ac-15 g ... A. 706079 

C6H6 298 CP/Pa,P' a-17 S = A; A' = DMA; meas. k/k/' = 1.0. 706079 

C6~ 298 CP/Pa,P' a-17 S = A; A' = DMBA; meas. klle.: A' = 2.8. 706079 

C~ 1.7 x 10-3 CP/Ac-15 S=A. 55FOO4 

CCl4 2.3 x 107 6 X lO-s 298 CP/Ac-15 S = A; used kd = 1.4 X 103 S-I. 756223 

CCl4 1.4 x 107 1 X 10-4 297 CP/Ac-15 S = A; used kd = 1.4 X 103 s-l. 747207 

CD3CN 8.0x 107 PUAd-5 S-2-ACN. 81A287 

CD3COCD3 2.8 x 107 PUAd-5 S=2-ACN. 81A287 

CDCl3 3.9 x 107 PUAd-5 S=2-ACN. 81A287 

CH20 2 5.4 x 107 (Ie.:) 2.2 x 10-4 (~r) CRlAc-31 used kd = 1.2 X 104 s-l; 102* from triphenyl 
phosphite ozonide; f/ = 1. 

85M406 

CHCl3 5.3 X 107 3.1 X 10-4 CP/Ac-15 S = A; used kd = 1.7 X 104 s-l. 777486 

CHCl3 5.9 x 107 3 X 10-4 298 CP/Ac-15 S = A; used kd = 1.7 X 104 s-l. 756223 

CHCl3 4.3 x 107 4x 10-4 297 CP/Ac-15 S = A; used kd = 1.7 X 104 S-I. 747207 

CS2 4.4 x 107 295 MPILd-2 S=TPP. 89A400 

CS2 1 x 10-6 295 CP/Ac-14 S = A; LKub] (8-16) x 10-6 mol L-1• 89A400 

CS2 9 x 10-6 295 CP/Ac-14 S = A; [Rub] = (6-15) x 10-5 mol L-1• 89A400 

CS2 5.6 x 107 9 X 10-5 298 CP/Ac-15 S = A; used kd = 5.0 X 103 s-I, 756223 

CS2 2.5 x 10-' 2 X 10--4 297 CP/Ac-15 S=A; used kd 5.0 x 103 S-1. 747207 

EtOH 2.3 x 107 3.6 X 10-3 297 CP/Ac-15 S = A; used kd = 8.3 X 104 s-1 . 747207 

MeOH 3.1 x 107 4x 10-3 297 CP/Ac-15 S = A; used kd = 1.4 X 105 s -I. 747207 

~\.l26 Tetracene-2,3,8,9-tetracarboxylate, 5,6,11,12-tetraphenyl- (Rubrene-2,3,8,9-tetracarboxylate) 

~O 9 x 10-5 CUAc-15 S=A. 81F043 

H2O 1.6 x 10-3 298 CRIPa-31 102* from MoO/-1H20 2. 88M109 
pH= 10.5 

H2O 1.5 x 10-3 CUAc-15 S=A. 81F043 

3.127 Toluene 

CC14 3.9x 103 298 CPILI-12 S = Benz[de]anthracen-7-one, phenalenone or 82E329 
fluorenone; used kd = 32 s-l. 

3.128 Toluene-ds 

CCl4 3.4 x 102 298 CPILI-12 S = Benz[de]anthracen-7-one, phenalenone or 82E329 
ftuorenone; used kd = 32 s-l. 
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TABLE 3. Rate constants for interaction of singlet oxygen with aromatic substrates. - Continued 

No. Solvent k ~ (kd1k) . T Method Comment Ref. 
(Lmor1 s-I) (mol L -1) (K) 

3.129 Tribenzo[a,j,j]perylene t 9,18-diphenyl- (Mesodiphenylbenzhelianthrene) 

C6HsCH2OH 4x 109 2x 10-5 CUAc-14 S = RB; used kd = 7.1 X 104 s-l; meas.// = 87F479 
1.0 x 108 (kr) 0.028. 

C6HsCH31 MeOH 7x 109 6.2 X 10-6 CUAc-14 S = RB; used kd = 4.0 X 104 s-l; meas.// = 87F479 
(99:1) 1.7 x 108 (ke) 0.025. 

MeOHl C6HSCH3 6.2 x 109 2 X 10-5 CUAc-14 S = RB; used kd = 1.1 X 105 s-l; meas.// = 87F479 
(97:3) 1.6 x 108 (ke) 0.026. 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. 

c:;.,r.Jii':·:w:::-
~! Solvent k P (kik) . T Method Comment Ref. 

(L mol-l 8-1) (mol L-l ) (K) 
, '_"-~'J;:5"t~~~~ 

--.. ,,.Alanine, g1ycyl-L-tyrosyl-

EtOHlCH3CN 3.0 x 107 (Icr) CPI Ac,A' c-17 S = RB; A' = OMA; used kr A' = 8.2 X 108 L morl 93F413 
(80:20) s-l; 0.01 mol L-l KOH. 

EtOHlCH3CN 2.0 x 108 PULd-2 S = RB; 0.01 mol L -1 KOH. 93F413 
(80:20) 

H2O 2.0 x 109 CP/Ac-15 S = RB; used kd = 2.5 x 1058-1. 93F413 
pH = 11.5 

H2O 1.0 x 108 (Icr) CP/Oc-17 S = RB; A' = FFA; used Icr A' = 1.2 X 108 L morl 93F413 
pH = 11.5 -I 8 • 

,jJ Anthrone, l,8-dihydroxy- (Anthralin) 

C6D6 2.8 x 104 PULd-2 S=TPP. 90A300 

C6~ -4x 104 PULd-2 S=PPDME. 89E158 

4,' Anthrone, l,8-dihydro'l:y-, ("onjl1gate bR!!;(I! 

CH3CN 3.1 x 108 5.9 x 10-5 295 CP/Ac-15 S = RB; used kd = 1.8 X 104 8-1, 90A300 

CH3CN 2 x 108 (Icr) CP/Ac-17 S = RB; A' = TME; used k,; A' = 3.0 X 107 L mol-I 90A300 
s-l; meas. k/k/' = 6. 

D20 3 X 108 PULd-2 S=RB, 90A300 
pO = 9.4-11.4 

... l.l-Benzenediol (Catechol) 

C0300 1.7 x 106 293 PULd-2 S=HP. 90F411 

CH3CN 2.9 x 106 PULd-2 S=RB. 91A341 

0 20 5.4 x 107 PULd-2 S=RB. 91A341 

dioxane 1.4 x 106 PULd-2 S=ZnTPP. 91A341 

'U l.l-Benzenediol, 4-(2-aminoethyl)- (Dopamine) 

D20 2.5 x 107 PULd-2 S=MB. 91R251 

MeOH 1.0 x 106 0.092 CP/A'c-16 S = RB; A' = DPBF; used kd = 9 X 104 s-l. 86F226 

4,(, l,2-Benzenediol, 4-(2-amino-t-hydroxyethyl)- (Noradrenaline) 

MeOH 1.6 x 106 0.055 CP/A'c-16 S = RB; A' = OPBF; used kd = 9 X 104 s-l. 86F226 

•• 7 1,2-Benzenediol,3,s-bis(1,t-dimethyletbyl)-

CD30D 2.5 x 107 293 PULd-2 S=HP. 90F411 

CD3COCD3 1.3 X 107 PULd-2 S=MPDME. 87F676 

4.8 l,2-Benzenediol, 4-(1,1-dimethyletbyl)-

CH2C12 4x 106 PUIb-3 S=TPP. 83A050 

4.9 l,2-Benzenediol, 4-(2-metbylamino-l-bydroxy)etbyl. (Adrenaline) 

MeOH 2.'3 x 106 0.040 CP/A'c-16 S = RB; A' = DPBF; used kd = 9 x 104 s-I. 86F226 

4.10 l,3-Benzenediol (Resorcinol) 

C0300 6.5 x 105 293 PULd-2 S=HP. 90F411 

CH3CN 3.9 x 106 PULd-2 S=RB. 91A341 

CH3CN 2 x 105 (Icr) CPI Ac,A' c-17 S = MPDME; A' = DMA; used kr II: = 1.3 X 108 L 
mol-l s-l. 

91A341 

D20 2x 107 PULd-2 S=RB. 91A341 

H2O 2x107 (1cr) 293 CP/Oc-17 S = Bos; A' = His; used Icr A' = 7 X 107 L mol-1 91A341 
8-1. 

dioxane 5.5 x 105 PULd-2 S=ZnTPP. 91A341 

4.11 1,3-Benzenediol,4-cbloro-

CH3CN 1.9 x 107 PULd-2 S=RB. 91A341 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

No. Solvent k ~ (kd/k) T Method Comment Ref. 
(L mol-1 s-I) (mol L-1) (K) 

4.11 l,3-Benzenediol, 4-chloro- - Continued 

CH3CN 5 x 105 (kr) CP/Ac,A/c-17 S = MPDME; A' = DMA; used k/, = 1.3 x 108 L 91A341 
mori s-l. 

D20 2.2 X 107 PULd-2 S=RB. 91A341 

H2O 2.1 x 107 (kr) 293 CP/Oc-17 S = Eos; A' = His; used krA' = 7 X 107 L mol-1 91A341 
-1 s . 

dioxane 6.5 x lOs PULd-2 S=ZnTPP. 91A341 

4.12 1,4-Benzenediol (Hydroquinone) 

CsHsN 6.9 x 107 CP/A/c-23 S = A' = Rub; used kd =6.0x 104 s-l, kA,=4x 743112 
107 L mol-I s-I. 

C6HJMeOH 7 x 107 298 CP/P'a-20 S = MB; A' = 2M2P; used kd = 1.0 X 105 s-I, !lA' 70F734 
(80:20) = 0.04 mol L-1• 

CD30D 1.4 x 107 293 PULd-2 S=HP. 90F411 

CH3CN 5 x 105 (kr) CPI Ac,A' c-17 S = MPDME; A' = DMA; used k/' = 1.3 X 108 L 91A341 
mol- l s-I 

CH3CN 2.8 x 107 PULd-2 S=RB. 91A341 

020 2.9 x 108 PULd-2 S=RB. 91A341 

EtOH 1.4 x 107 308 CRlA'c-16 Ai = OPBF; used kd = 8.3 X 104 S-I; 102* from 93M161 
MNP02• 

EtOW H20 (95:5) -6 x 106 CRILI-12 102* from pyrogallol autooxidation by 02/KOH; 78F605 
kd not given. 

H2O 2.5 x 107 (kr) 293 CP/Oc-17 S = Bos; A' = His; used k/' = 7 x 107 L mol-1 91A341 
-1 s . 

H2O -4 X 107 (lcr) 300 MP/Ac,A/c-17 S = RB; A' = FFA; used k/' = 1.2 X 108 L mol-l 91F300 
S-I; reported k = (3.8 ± 5.5) x 107 L mol-I s-I. 

dioxane 1.9 x 107 PULd-2 S=ZnTPP. 91A341 

4.13 I,4-Benzenedioi, conjugate dibase (Hydroquinone dianion) 

H2O 5.6 x 107 310 CRlLI-12 used kd: 3.2 X 105 s-l; soln. cont. 5 x 10-4 mol 92M228 
pH: 10.6 L-1 CoCI2• 102* from autoxidation of 

oxytetracycline. 

4.14 1,4-BenzenedioJ,2,5.bis(I,1-dimethylethyl)-

Cn.~OD 1.9 x 108 293 PULd-2 S=HP. 90F411 

MeOH 6.2 x 107 2.9 X 10-3 CP/A/c-16 S = RB; A' = DPBF; used kd = 1.8 x lOs S-1. 88F440 

4.15 1,4-Benzenediol, 2,6.bis(1,I·dimethylethyl)-, 4-propanoate 

MeOII 2.2 x lOs 0.5:3 CP/A'c-16 S - MD; A' - DPP; used kd - 1.2 x lOS :5-1. 7SAl7l 

4.16 I,4-Benzenediol, 2,s-bis(2~-dimethylpropyl). 

MeOH 6.9 x 107 2.6 X 10-3 CP/A/c-16 S = RB; At = DPBF; used kd = 1.8 X 105 s-l. 88F440 

4.17 1,4.Benzenediol, 2,5-bis-sec .. dodecyl. 

MeOH 6.4 x 107 2.8 X 10-3 CP/A'c-16 S = RB; A' = DPBF; used kd = 1.8 X 105 g-l. 88F440 

4.18 1,4-BenzenedJol, .z,S-bis-scc-hexadecyl-

MeOH 6.6 x 107 2.7 X 10-3 CP/A'c-16 S = RB; A' = DPBF; used kd = 1.8 X 105 5-1• 88F440 

4.19 1,4.Benzenediol,2,5-bis-sec-octyl-

MeOH 6.8 x 107 2.6 X 10-3 CP/A/c-16 S = RB; A' = OPBF; used kd = 1.8 X 105 S-I. 88F440 

4.20 1,4-Benzenediol, chloro-

CH3CN 1.6 x 107 PULd-2 S=RB. 91A341 

CH3CN 3 x 105 (Icr) CPI Ac,A' c-17 S = MPDME; A' = DMA; used krA' = 1.3 X 108 L 91A341 
mol-1 S-l. 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

;:~4.i~~"",,:~' 

Mk Solvent k p (kik) T Method Comment Ref. 
(L mol-I S-I) (mol L-I) (K) 

i,~ 1 ,4.Benzenediol, chloro- - Continued 

0 20 6x 107 PULd-2 S=RB. 91A341 

H2O 1.7 x 107 (kr) 293 CP/Oc-17 S = Eos; A' = His; used kr A' = 7 X 107 L morl 

s-l. 
91A341 

dioxane 9.7 x 106 PULd-2 S=ZnTPP. 91A341 

•. H I ,4-Benzenediol, 2,3·dimethoxy-S·methyl-

EtOH 9.3 x 107 308 CRlA'c-16 A' = DPBF; used kd = 8.3 X 104 s-I; 102* from 93M161 
MNP02• 

tU I ,4·Benzenediol, 2,3-dimethyl. 

EtOH 8.5 x lU7 308 CRfA'C-16 A' = DPBf'; used kd = 8.3 x 10.:1 g-l; 102'" from 93M161 

MNP02• 

tJJ 1,4-Benzenediol, 2,s·dimetbyl. 

EtOH 9.9 x 107 308 CRJA'c-16 A' = DPBF; used kd = 8.3 X 104 S-l; 102· from 93Ml61 

MNP02• 

".Jot 1,4-Benzenediol,2,6.dimethyl. 

EtOH S.4x 107 308 CRlA'c-16 A' = DPBF; used kd = 8.3 X 104 S-I; 102* from 93M161 
MNP02· 

• ,Jt\ 1 ,4·Benzenediol, 2·(3,7 ,11,lS,19,23·hexamethyJ·2,6,lO,14,18,22.tetracosahexaenyl).S,6·dimetboxy.3.metbyl- (all-E) (UbiquinollO) 

EtOH 1.6 x 108 308 CRlA'c-16 A' = DPBF; used kd = 8.3 X 104 s-l; 102* from 93M161 
MNP02• 

• J(J 1 ,4-Benzenediol, 2·(3·bydroxy·3,7 ,11,lS.tetrametbylbexadecyl).3,6·dimethyl. <p. Tocopherol bydroquinone) 

EtOH 1.2 x 108 308 . CRlA'c-16 A' = DPBF; used kd = 8.3 X 104 s-l; 102* from 
MNP02• 

.':7 l,4-Benzenediol, 2·(3-bydroxy.3,7 ,1l,lS·tetramethylbexadecyl)·S,6·dimetbyl. ('Y-Tocopberol bydroquinone) 

EtOH 1.2 x 108 308 CRlA'c-16 A' = DPBF; used kd = 8.3 X 104 s-l; 102* from 
MNP02• 

o4,lfl l,4-Benzenediol, 2-(3·hydroxy-3,7 ,1l,lS·tetramethylhexadecyl)·3,5,6·trimethyl- (a· Tocopherol hydroquinone) 

EtOH 1.3 x 108 308 CRlA'c-16 A' = DPBF; used kd = 8.3 X 104 S-I; 102* from 
MNP02• 

4,29 1,4-Benzenediol,2-metbyl-

EtOH 4.4 x 107 308 CRlA'c-16 A' = DPBF; used kd = 8.3 X 104 s-l; 102* from 
MNP02• 

" • .)0 1,4-Benzenedlol, phenyl- (l,,·Dlbydruxybiphellyl) 

CP/Oc-17 S = RB; A' = Met; used k/' = 2 X 107 L morl 

-1 s . 
H20 2.4 X 107 (kr) 
pH=8.0 

".31 1,4-Benzenediol, trimethyl. 

EtOH 1.2 x 108 308 CRlA'c-16 A' = DPBF; used kd = 8.3 X 104 s-I; 102* from 
MNP02· 

.. .32 Benzenemethanol, 3,5-bis(1,1-dimethylethyJ)-4-hydroxy. 

C6~ 4.1 x 105 CP/P'a-19 S = ZnTPP; A' = 2M2P; used kA, = 7.5 X 105 L 
mol-I s-I; meas. kAlkA' = 0.55. 

MeOH 0.079 CP/A'c-16 S = MB; A' = DPF; used kd = 1.2 X 105 s-l. 

4.33 3-Benzenepropanoic acid, 3,5-bis(1,1·dimethylethyJ)-4-bydroxy·, octadecyl ester 

CCI4/ MeOH (98:2) 4.6 x 105 FP/A'd-5 S = MB; A' = DPBF. 

i-octane CP/A'c-23 S = A' = Rub; No measurable effect. 

93M161 

93M161 

93M161 

93M161 

93E536 

93M161 

78A171 

78Al71 

78E238 

732066 

1 Dh .. c. rhA"" goOf n~+~ \lnl '.)4 Nn '.) 1 QQC; 



758 WILKINSON, HELMAN, AND ROSS 

TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

No. Solvent 

4.34 3-Benzenepropanoic acid, 4a hydroxy. 

D201 EtOH (75:25) 2.4 x 107 

4.35 Benzoate ion, 2-hydroxy- (Salicylate ion) 

H20 (ves) 1.4 x lOs (kr) 

pH =7.5 

H20 (ves) 1.6 x 10' 
pH=7.j 

H20 (ves) 2.0x 10' 
pH =7.5 

H20 (ves) 2.5 x lOs (kr) 

pH=7.5 

H20 (ves) 2.1 x lOs (kr) 

pH =7.5 

H20 (ves) 1.1 x 107 

pH =7.5 

P (kdlk) 
(mol L-1) 

0.016 

0.012 

0.022 

4.36 Benzofuran·S-ol, 2,3.dihydro.2,2,4,6,7.pentamethyl. 

EtOH 3.6 x 108 

4.37 Benzofuran-S-o),2,3-dihydro.2,4,6,7.tetramethyl-

EtOH 2.5 x lOB 

T Method Comment 
(K) 

295 PULd-2 S=RB. 

310 CP/Oc-17 S = RB; A' = His; used kr A' = 2.8 X 107 L morl 

8-1; DLPCliposomes. 

310 CP/Oc-14 S = AICl(tspc); used kd = 2.5 x lOs s-I; DLPC 
liposomes. 

310 CP/Oc-14 S = MC 540; used kd = 2.5 x lOs s-l; DLPC 
liposomes. 

310 CP/Oc-17 S = MC 540; A' = His; used kr A' = 2.8 X 10' L 
mol-1 8-1; DLPCliposomes. 

310 CP/Oc-17 S = AICl(tspc); A' = His; used k/' = 2.8 x 107 L 
mol-1 s-l; DLPCliposomes. 

310 CP/Oc-14 S = RB; used kd = 2.5 x lOs S-I; DLPC 
liposomes. 

308 CRlA'c-16 A' = DPBF; used kd = 8.3 X 104 s-l; 102* from 
MNP02• 

308 CRlA'c-16 A' = DPBF; used kd = 8.3 X 104 s-l; 102* from 

MNP02• 

4.38 Benzoic acid, 3,5-bis(I,I-dimethylethyl)·4·hydroxy-, 2,4-bis(1,1-dimethylethyl)phenyl ester 

C6HSBr <1 x 106 273 MD/A'c-33 A' = Rub; No measurable effect. 

i-octane <1 x 106 CP/A'c-23 S = A' = Rub; No measurable effect. 

4.39 Benzoic add, 3,5-bis(1,t-dimc:thylethyl)-4-hydroxy-, methyl ester 

Ref. 

94A113 

93F231 

93F231 

93F231 

93F231 

93F231 

93F231 

91F285 

9IF285 

737333 

732066 

I-BuOH 9.2 x 105 293 CP/A'c-23 S = MB; A' = Np; used kd = 5.2 X 104 s-I, kA, = 78A266 
5.2 x 108 L morl s-l. 

4.40 Benzoic acid, 2-hydroxy-, methyl ester (Methyl salicylate) 

H20 <2 x 106 (kr) 292 MP/Ac,A'c-17 S = RB; A' = FFA; used krA' = 1.2 X 108 L morl 87A180 

4.41 Benzoic acid, 2-hydroxy-, methyl ester, conjugate base 

H20 1.6 x 108 (kr) 

pH=1O.0 

4.42 Benzophenone, 4.dodecyloxy-2·hydroxy· 

CCl41 MeOH (98:2) <2 x 105 

i-octane <1 X 106 

4.43 Benzophenone,2-hydroxy-4-octyloxy-

C6HSBr <1 x 106 

CCli CHCh 1.0 x 104 

(90:10) 

292 

273 

S-I; estd. using pKa = 9.8. 

MP/Ac,A' c-17 S = RB; A' = FFA; used kr A' = 1.2 X 108 L moJ-1 

S-I; estd. using pKa = 9.8. 

FP/A'd-5 S = MB; A' = DPBF. 

CP/A/c-23 S = A' = Rub; No measurable effect. 

MD/A'c-33 A' = Rub; No measurable effect. 

CP/A/c-23 S = A' = Rub; used kd = 1.4 x 103 s-I, kA'= 7 x 
107 L mol-1 S-1; Measured kI(kA'[A,] + kd) = 10.0 
Lmorl at [A1 = 5 x 10-6 mol L-1. 

4.44 1-Benzopyran-2-carboxylate ion, 3,4.dihydro-6-hydroxy.2,5,7,8.tetramethyl· (Trolox C anion) 

CD30D 1.2 x lOB 293 PULd-2 S = HP. 

D201 BtOH (50:50) 4.7 x lOB 310 CRlLI-12 used kd = 1 X 105 s-l; 102* from NDP02• 

EtOH 8.1 x 107 308 CRlA/c-16 A' = DPBF; used kd = 8.3 X 104 8-1; 102* from 
MNP02• 

87A180 

78E238 

732066 

737333 

74F645 

90F411 

90A184 

91F285 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

P (kik) 
(mol L-1) 

T Method 
(K) 

Comment 

759 

Ref. 

~1i"\W§<,~; --------------------------------------------

\~ · ... )Hnzopyran.6-o1, S,7-diethyl-3,4.dihydro-2.methyl-2-(4,8,12-trimethyltridecyl)-

EtOH 9.5 xl0' 308 CRlA/c-16 A' = DPBF; used kd = 8.3 X 104 s-l; 102* from 

MNP02• 

91F285 

,lM I .. Denzopyran-6-o1, 3,4-dihydro-2,8-dimethyl-2-(4,8,12-trimethyltridecyl)- (S-Tocopherol) 

n-CI6H34 5.0 x 106 298 MD/A/c-33 A' = Rub; used kd = 9 X 104 s-1, kA, = 7.3 X 107 L 88F415 
morl s-l. . 

CHCh/EtOH 1.6 x 108 310 
(50:50) 1.7 x 106 (lcr) 
EtOH 5.3 x 107 308 

EtaH 1.0 x 108 8.3 X 10-4 293 

EtOH 7 x 105 (kr) 293 

MeOH 1 x 108 1 X 10-3 298 

CRlLI,Ac-
12,31 

CRlA'c-16 

CPlP'a-22 

CPIP' a,Ac-17 

CP/Ac-15 

used kd = 1 X 105 S-l; 102* from NDP02• 90AI84 

A' = DPBF; used kd = 8.3 X 104 8-1; 102* from 91F285 

MNP02• 

S = MB; used ~ = 8.3 X 104
8-

1
; A' = Methyl 77F858 

linoleate; P' = Methyl linoleate hydroperoxide. 

S = MB; used krA' = 7.3 X 104 Lmol-1 s-l; meas. 77F858 
k/kr A' = 11; A' = Methyl Iinoleate; P' = Methyl 
linoleate hydroperoxide. 

S = MB; used kd = 1 X 105 s-l. 72AOI9 

... ' ··J.Jlenzopyran-6.ol, 3,4-dihydro.2-methyl-S,7-di(1-methylethyl)-2-(4,8,12-trimethyltridecyl)-

EtOH 1.1 x 108 308 CRlA'c-16 A' = DPBF; used ~ = 8.3 X 104 s-l; 102* from 91F285 
MNP02• 

-"+AI ' ... denzopyran.6-ol, 3,4-dihydro-l-methyl-l.(4,8,12-trimethyltridecyl)- (Tocol) 

ElOH 2.8 x 107 308 CRlA'c-16 

Mt l-Benzopyran-6-ol, 3,4-dihydro-l,2,5,7,s-pentamethyl-

c-C6H12 2.4 x 107 PUA'd-8 

~H5CH3 1.5 X 108 PUA'd-8 

CH3CN 5.7 X 108 PUA'd-8 

CH3COCH3 2.6 X 108 PUA'd-8 

D2O(mic) 4.1 x 108 PUA'd-5 
pD=7.4 

D2O(mic) 4.0 x 108 PUA'd-5 
pD=7.4 

ElOH 2.0 x 108 308 CRlA'c-16 

MeOH 4.0 x 107 <kr) CP/Ac,A'c-17 

MeOH 1.6 x 108 CP/A'c-16 

MeOH 3.4 x 108 PUA'd-8 

A' = DPBF; used kd = 8.3 X 104 S-l; 102* from 

MNP02• 

S = 2-ACN; A' = DPBF; MIt = -8.8 kJ mol-I; 
6.s:j: = -130 J K-1 mol-I; studied at 278-357 K. 

S = 2-ACN; A' = DPBF; MIt = -15 kJ mol-I; 
as:j: = -138 J K-1 mol-I; studied at 230-385 K. 

S = 2-ACN; A' = DPBF; MI:j: =-15 kJ mol-I; 
as:!: = -130 J K-1 mol-I: studied at 230-357 K. 

S = 2-ACN; A' = DPBF; MIt. = -8.4 kJ mol-I; 
LiS; = -109 J 1(""1 mol-I; studied at 250-328 K. 

S = MB; A' = DPBF; 0.1 mol L-1 crAB. 

S = MB; A' = DPBF; 0.1 mol L-1 SDS. 

A' = DPBF; used kd = 8.3 X 104 s-l; 102* from 
MNP02• 

S = MB; A' = DPBF; used kr A' = 8 X 108 L morl 

8-1. 

S = MB; A' = DPBF; used kd = 1.8 X 105 s-l. 

S = 2-ACN; A' = DPBF; MI; = -5.9 kJ mor l ; 

as; = -100 J K-1 morl
; studied at 250-328 K. 

91F285 

84E492 

84E492 

84E492 

84E492 

81N048 

81N048 

91F285 

91F516 

91F516 

84E492 

4JO I-Benzopyran-6-ol, 3,4-dihydro-2,5,7,8-tetramethyl-2.( 4,8,12.trimetbyltridecyl). (a-Tocopherol) 

. n-Ct6H34 4.2 X 107 298 MD/A'c-33 A' = Rub; used kd = 9 X 104 s-l, kg = 7.3 X 107 L 88F415 
morl s-l. 

c-C6H12 8.4 x 107 

c-C6H12 1.1 x 106 (lcr) 298 

c-C6H12 9.0x 107 6.8 X 10-4 298 

PUA'd-8 

CPI Ac,A' c-17 

CP/A'c-23 

S = 2-ACN; A' = DPBF. 

S = A' = DPA; used kr A' = 1.2 X 106 L mol-l s-l; 
meas. k/lcrA' = 0.9. 

S = A' = Rub; used kd = 5.9 X 104 s-l, ilA' = 1.4 X 
10-3 mol L-1. 

84E492 

743114 

743114 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

No. Solvent k ~ (kd/k) T Method Comment Ref. 
(Lmor l s-l) (mol L-1) (K) 

4.50 I-Benzopyran-6-oJ, 3,4-dihydro.2,5,7 ,8-tetramethyl-2-(4,8,12-trimethyltridecyJ)- (a-Tocopherol) - Continued 

CsHsN 2.5 x 108 CP/A/c-23 S = A' = Rub; used kd = 6.0 X 104 s-l, kK = 4 x 
107 L mol-1 S-l. 

743112 

CsHsN 2.1 x lOll (kr) CP/AI,;-14,28 S = PP; A' = Cbuit:::;tt;4ul; UIIt:U kd = 6.0)<" 104 
S-I, 743112 

PA' = 0.9 mol L -1; used kA = 2.5 X 108 L morl 

-1 s . 

C6HsCH3 2.2 X 108 PUA'd-B S = 2-ACN; A' = DPBF; t:Jl; = -14 kJ morl ; 84E492 
AS:!: = -138 J ~l mol-I; studied at 230-385 K. 

C6H6 1 X 108 298 CP/Ac,A' c-23 S = A' = Rub; used kd =4.2x 104 S-I, kK= 4.2 x 90F360 
2.1 x 106 (kr) 107 L mol-1 s-l. 
1.4 x 108 (kq) 

C6H6 1.7 x 108 2.7 X 10-4 298 CP/A/c-23 S = A' = Rub; used kd = 4.2 X 104
5-

1
, 13K = 1.0 x 743114 

10-3 mol L-1. 

CCl4 5.2 X 107 CULI-12 S = TPP; used kd = 1 X 103 s-l. 85F667 

CC14 1 x 108 MP/LI-12 S = PP, TPP, Ph a or BPh a; used kd = 36 s-l. 79AOlO 
78E892 

CC14 108 MPILI-12 S = Ret; used kd = 36 s-l. 79F463 
78F700 

CH2Cl2 2.7 x 107 298 CP/P' a or Oc- S = ChI a; A' = Soybean oil; used k~ = 1.0 x lOs 91U128 
19 L mol-1 S-I; meas. kt/kA, = 2.6 x 10 ; measured 

peroxide formation. 

CH3CN 5.9 x 108 PUA'd-8 S = 2-ACN; A' = DPBF; M; =-11 kJ morl ; 84E492 
AS; = -138 J K-1 mol-I; studied at 230-357 K. 

CH3COCH3 4.3 X 108 PUA'd-8 S = 2-ACN; A' = DPBF; M; = -12 kJ morl ; 84E492 
LlS;j; = -122 J K-1 mol-1

; studied at 250-328 K. 

CHCl3 1.1 X 108 CP/A'c-16 S = MB; A' = DPBF; used kd = 4.4 X 103 8-1. 83A394 

CHC13/EtOH 2.8 x 108 310 CRlLI,Ac- used kd = 1 x lOS S-I; 102* from NDP~. 90A184 
(50:50) 3.6 x 106 (kr) 12,31 

CICF2CC12F 3 x 107 298 FP/Ld-2 S=Per. 82A322 

D201 EtOH (50:50) 4.5 x 108 310 CRlLI-12 used kd = 1 x lOs S-l; 102* from NDP02. 90A184 

D20 (rnic) 6.4 x 108 PUA/d-5 S = 2-ACN; A' = DPBF; 0.1 mol L-1 SDS. 78El44 

EtOH 3.3 x 10-3 298 CP/Ac-15 S=8-MOP. 92F192 

EtOH 2.1 x 108 308 CRlA/c-16 A' = DPBF; used kd = 8.3 X 104 8-1; 102* from 91F285 
MNP02· 

EtOH 1 x 108 CP/A/c-19 S = RB; A' = ChI a; used kd = 1 x lOs S-I. 78F404 

EtOH 2.6 x 108 3.2 X 10-4 293 CP/P'a-22 S = MB; used kd = 8.3 X 104 S-I; A' = Methyl 77F858 
linoleate; P' = Methyl linoleate hydroperoxide. 

EtOH 6.6 x 106 (kr) 293 CP/P' a,Ac-17 S=MB; used krK =7.3x 104 Lmor1 S-I; meas. 77F858 
k/k/' = 91; A' = Methyllinoleate; P' = Methyl 
linoleate hydroperoxide. 

McOH 4.5>< 108 297 CR!P'o.-16 A' ... TEMP; ko not given; fonnn. of TEMPO 92D227 
monitored by esr; soln. cont. MeONa and Coelz. 
102* from autoxidation of adrenaline. 

MeOH 3.8 x 108 4.8 X 10-4 CP/A'c-16 S = RB; A' = DPBF; used kd = 1.8 x lOs s-l. 88F440 

MeOH 3.0x 108 PUA/d-8 S ::: 2-ACN; A' = DPBF; M; = -8 kJ morl ; AS; 84E492 
= -109 J K-1 morl; studied at 250-328 K. 

MeOH 5 x 107 (kr) CP/Ac,A'c-17 S = MB; A' = DPF; used krA' = 1.6 X 108 L mol-l 743113 
s-l; mens. klkr

K ~ 0.29. 

MeOH 6.7 x 108 2.1 X 10-4 CP/A'c-16 S = MB; A' = DPBF; used kd = 1.4 X 105 S-1. 743113 

MeOH 1 x 109 1 X 10-4 298 CP/Ac-15 S = MB; used kd = 1 x 105 s-l. 72A019 

MeOHl H20 (95:5) 2.6 x 109 310 CRILl-I 2 used kd = 1.8 x lOs s-1; soln. cont. 0.05 mol L -1 92M228 
MeONa and 5 x 10-4 mol L-1 CoCI2, 102* from 
autoxidation ("If ""ytetracycline. 



Solvent 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

~ (kik) 
(mol L-1) 

T Method 
(K) 

Comment 

I BI"II:1.opyran-6-ol, 3,4-dihydro-2,5,7,S-tetramethyl-2-(4,8,12-trimethyltridecyl)- (a-Tocopherol) - Continued 

761 

Ref. 

I octane 1 X 108 CP/A'c-23 S = A' = Rub; used kA' = 4 X 107 L mor1 s-l; kd 743112 
not given. 

, 'I I Iknzopyran-6-ol, 3,4-dihydro-2,5,7-trimethyl-2-(4,S,12-trimethyltridecyl)-

EIOH 9.7 x 107 308 CRlA'c-16 A' = DPBF; used kd = 8.3 X 104 s-l; 102* from 
MNP02· 

, ': I -lknzopyran-6-ol, 3,4-dihydro-2,5,S-trimethyl-2-(4,S,12-trimethyltridecyl)- (~-Tocopherol) 

91F285 

1I-C
16

H
34 

2.3 x 107 298 MD/A'c-33 A' = Rub; used kd = 9 X 104 S-I, kA, = 7.3 X 107 L 88F415 
mol-1 8-1. 

CHCI3/EtOH 2.7 x 108 310 CRlLI,Ac- used kd = 1 X 105 S-I; 102* from NDP02• 

(50:50) 2.3 x 105 (kr) 12,31 

EtOH 1.5 x 108 308 CRlA'c-16 A' = DPBF; used kd = 8.3 X 104 s-l; 102* from 
MNP02• 

MeOH 3.6x 108 2.8 x 10-4 298 CP/Ac-15 S = MB; used kd = 1 X 105 s-l. 

" \ 1- ncnzopyran-6-ol, 3,4-dihydro-2,7 ,S-trimethyl-Z-(4,S,12-trimethyltridecyl)- ('Y-Tocopherol) 

1I-CI6H34 1.1 x 107 298 MD/A/c-33 A' = Rub; used kd = 9 X 104 8-1, kA, = 7.3 X 107 L 
mol-1 s-l. 

CHC13/EtOH 2.3 x 108 310 CRlLI,Ac- used kd = 1 X 105 8-1; 102* from NDP02. 

(50:50) 2.8 x 106 (kr) 12,31 

EtOH 1.4 x 108 308 CRlA'c-16 A' = DPBF; used kd = 8.3 X 104 s-l; 102* from 
MNP02· 

EtOH 2.6 x 106 (kr) 293 CP/P' a,Ac-17 S = MB; used k/' = 7.3 x 104 L mol-1 s-l; meas. 
klk/' = 36; A' = Methyllinoleate; P' = Methyl 
linoleate hydroperoxide. 

EtOH 1.8 x 108 4.5 X 10-4 293 CP/P'a-22 S = MB; used kd = 8.3 X 104 s-l; A' = Methyl 
linoleate; P' Methyl linoleate hydroperoxide. 

MeOH 1.9 x 108 5.4 X 10-4 298 CP/Ac-15 S = MB; used kd = 1 X 105 S-I. 

j',·t 1-Uenzopyran-6-ol, 7 -(1,1-dimetbylethyl)-3,4-dihydro-Z,2-dimethyl. 

MeOH 4.7", 107 (kr) CPI Ac,A' c-17 S -- MD; A';;;;;; DPDF; UlSt:U k/' = 8 '" 10& Lmul-1 

s-l. 

MeOH 1.9 x 108 CP/A'c-16 S = MB; A' = DPBF; used kd = 1.8 X 105 s-l. 

1 ',,, I-Benzopyran-6-ol, 7-(I,I-dimethylelhYI)-3,4-dihydro-2-methyl-2-(4,3,12-trimethyltridecyl)-

EtOH 1.2 x 108 308 CRlA'c-16 A' = DPBF; used kd = 8.3 X 104 S-I; 102* from 
MNP02• 

1 ., II I-Benzopyran-6-ol, 8-(1,1-dimethylethyl)-3,4-dihydro-2-methyl-Z-( 4,8,12-trimethyltridecyl)-

EtOH 1.6 x 108 308 CRlA'c-16 A' = DPBF; used kd = 8.3 X 104 8-1; 102* from 
MNP02· 

-I .... 7 I-Benzopyran4-one, 2-[3,4-bis(Z-hydroxyethoxy)phenyl]-3-[ 6-0-(6-deoxy-
, '·1 -mannopyranosyl-~.D-glycopyranosylloxy]-5-hydroxy-7-(2-hydroxyethoxy)- (Troxerutin) 

CD
3
0D 7.0x 104 CP/LI-12 S=RB; used kd = 3.7 X 103 s-l. 

MeOD CP/Ac-14 S = KB; used Kd = 1 X lOs 8 1; M1JH as 
actinometer . 

. 1. ~H I-Benzopyran4-one, 3_[[6-0_(6-deoxy-cx·mannopyranosyl).~-glucopyranosyl]oxy ]-2-(3,4-dihydroxyphenyl)-5,7 -dihydroxy- (Rutin) 

90A184 

91F285 

72AOI9 

88F415 

90A184 

91F285 

77F858 

77F858 

72A019 

91F.516 

91F516 

91F285 

91F285 

93A326 

'JjA326 

CD
3
0D 1.6 x 10° CP/LI-12 S=RB;usedkd =4.0x103 

S-l. 93A326 

MeOD 1.1 x 105 (kr) CPIAc-J4 S RB; used kd 1 x lOs 8-1; MDH as 93A326 
actinometer. 

4.59 I-Benzopyran4-one, 2-(2,3-dihyrlroxyphenyl)-Z,3-dihydro-S,7 -dihydroxy-, (Eriodictyol) 

CD
3
0D 1.4 x 106 CP/U-12 S = RB; used kd = 3.7 X 103 S-I. 93A326 

.1 Dh,,~ r.hDm RDf n~hi Vnl ~4 Nn ~ _ 1 QQ!; 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

No. Solvent P (kik) 
(mol L -I) 

T Method 
(K) 

4.60 I-Benzopyran-4-one, 2-(3,4-dihydroxyphenyl)-5,7 -dihydroxy-(Luteolin) 

CD30D 1.3 x 106 CPILI-12 

MeOD CP/Ac-14 

4.61 1-Benzopyran-4-one, 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxy- (Quercetin) 

CH3CN 9.3 x 103 (kr) 295 CP/Ac,A'c-17 

CH3COCH3 3.1 x 105 295 PIJLd-2 

2.4 X 106 

8.9 X 105 (kr) 

CPILI-12 

CP/Ac-14 

4.62 1-Benzopyran-4-one, 5,6,7,8-tetramethoxy-2-(4-methoxyphenyl)- (Tangeretin) 

CD30D 2.4 x 105 CPILI-12 

MeOD 1.0 x 104 (kr) CP/Ac-14 

Comment 

S = RB; used kd = 3.7 X 103 s-I. 

S = RB; used kd = 1 X 105 s-I; MDH as 
actinometer. 

S = A' = An; used k/' = 2.8 X 105 L mol-I S-I. 

S=An. 

S = RB; used kd = 4.0 X 103 s-I. 

S = RB; used kd = 1 X 105 s-I; MDH as 
actinometer. 

S = RB; used kd = 3.7 X 103 s-I . 

S = RB; used kd = 1 X 105 S-I; MDH as 
actinometer. 

4.63 1-Benzopyran-4-one, 2,3-dihydro-3,5,7-trihydroxy-2-(3,4-dihydroxyphenyl)- (Taxifolin) 

CD30D 1.1 X 106 CPILI-12 S=RB;usedkd =3.7x103 s-l . 

4.64 I-Benzopyran-4-one, 3,5,7 -trihydroxy-Z-( 4-hydroxyphenyl)- (Kaempferol) 

CD30D 7.1 x 105 CP/LI-12 

MeOD 4.8 X 105 (kr) CP/Ac-14 

4.65 t-Benzopyran-4-one, 3,5,7-trihydroxy-2-phenyl- (Galangin) 

CD30D 1.2 x 106 

MeOD 7.4 x 105 (kr) 

CP/LI-12 

CP/Ac-14 

4.66 Benzopyran-2-propanoic acid, 3,4-dihydro-6-hydroxy-2,5,7 ,8-tetramethyl-

EtOH 1.8 x 108 308 CRI A' c-16 

S = RB; used kd = 3.7 X 103 s-l. 

S = RB; used kd = 1 X 105 s-l; MDH as 
actinometer. 

S = RB; used kd = 3.7 X 103 s-'. 

S = RB; used kd = 1 X 105 s-l; MDH as 
actinometer. 

A' = DPBF; used kd = 8.3 X 104 S-I; 102* from 
MNP02· 

4.67 t-Benzopyran-3,5,7-triol, 2-(3,4-dihydroxyphenyl)-3,4-dihydro- (2R-trans)- (Catechin) 

CD30D 5.8x106 CP/LI-12 S=RB:usedkd =3.7x103 s-1. 

4.68 Cinnamic acid, 3,4-dihydroxy-

CD30D 5.4 x 105 

4.69 Cinnamic acid, 2-hydroxy-

CD30D 2.1 x 104 

4.70 Cinnamic acid, 4-hydroxy-3-methoxy-

CD30D 3.5 x 105 

4.71 5-S·Cysteinyldopa 

D20 2.9 X 107 

4.72 Flavanone, 4',.5,7-trihydrOxy- (Narlngenin) 

CD30D 5.0 x 104 

4.73 Flavone, 5,7-dihydroxy- (Chrysin) 

CD30D 2.4 x 105 

MeOD 

293 PULd-2 

293 PIJLd-2 

293 PULd-2 

CP/LI-12 

CP/LI-12 

CP/Ac-14 

S=HP. 

S=HP. 

S=HP. 

S=MB. 

S = RB; used kd = 3.7 X 103 s-l. 

S = RB; used kd = 3.7 X 103 s-l. 

S = RB; used kd = 1 X 105 S-I; MDH as 
actinometer. 

Ref. 

93A326 

93A326 

87A37 I 

87A37 1 

93A326 

93A326 

93A326 

93A326 

93A326 

93A326 

93A326 

93A326 

93A326 

91F285 

93A326 

88R236 
90F411 

90F411 

88R236 
90F411 

91R251 

93A326 

93A326 

93A326 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

;'t=~·l$~,g 
Solvent k ~ (kJk) T Method Conunent Ref. 

(L mol-1 s-l) (mol L-1) (K) 
.~~)~:r,-

Q:lI;"<'l'.vone,3-bydrOXY-

CsHsN 7.5 x 107 PULd-2 S = RB, TPP or H2 TPpg4·. 93U041 
89A322 

C6D6 1.6 x 104 PULd-2 S = RB, TPP or H2TPPg4-; 95%-d. 93U041 
89A322 

~H6 1.9 x 104 PULd-2 S = RB, TPP or H2 TPpg4-. 93U041 
89A322 

CC14 1.7 x 104 PULd-2 S = RB, TPP or H2 TPpg4-. 93U041 
89A322 

CD3CN 1.1 x lOs PULd-2 S = RB, TPP or H2 TPpg4-. 93U041 
89A322 

CD30D 9.0x 104 PULd-2 S = RB or H2 TPPg4-. 93U041 
89A322 

CH.,CN 1.1 x 105 PULd-2 S = RB or Hz TPPs4". 93U041 
89A322 

D20 2.5 x lOs PULd-2 S = RB or H2 TPpg4-. 93U041 
pD=3 89A322 

D20 l.9 x 108 PULd-2 S = RB or H2 TPpg4-. 93U041 
pD=12 89A322 

H2O 2.3 x 108 PULd-2 S = RB or H2 TPpg4-. 93U041 
pH-12 89A322 

MeOH 2.3 x lOS PULd-2 S = RB or H2 TPPg4-. 93U041 
89A322 

.ttl )l'1I.vone, 3,3·,4·,7-letrahydcoxy. (Fiset.in) 

CD30D 3.1 x 106 CPILI-12 S = RB; used kd = 4.0 X 103 S-I. 93A326 

MeOD 1.1 X 106 (kr) CP/Ac-14 S = RB; used kd = 1 x lOs S-l; MDH as 93A326 
actinometer. 

~.~'6' :~Glycine, IAyrosyl-

EtOHlCH3CN 4.3 x 106 PULd-2 S=ZnTPP. 91A252 
(80:20) 

EtOHlCH3CN 2.1 x 106 (kr) CP/Ac.A/c- S = ZnTPP; A' = DMA; used kct = 5.3 X 104 S-1; 9lA252 
(80:20) 14,28 used kA = 4.3 X 106 L mol-l s-l. 

FlOHI r.H3r.N 1.2 x 108 PULd-2 S = ZnTPP: 0.01 mol L-1 KOH. 9lA252 
(80:20) 

EtOHlCH3CN 1 x 107 (kr) CP/Ac,A'c- S = ZnTPP; A' = DMA; used kd = 5.3 X 104 s-l; 9lA252 
(80:20) 14,28 used kA = 1.2 X 108 L morl S-I; 0.01 mol L-l 

KOH. 

EtOHlCH3CN 4.2 x 106 PULd-2 S = ZnTPP; 0.01 mol L -1 HCl. 91A252 
(80:20) 

EtOHlCH!lCN ..::S x 104 (kr) CP/Ac.A'e- S = ZnTPP; A' = DMA: us:ed k" = 5.3 ')( 104 &-1: 91A252 
(80:20) 14,28 used kA = 4.2 X 106 L morl S-I; 0.01 mol L-1 

HC!. 

H2O 3 x 107 (kr) CP/Oc-17 S = RB; A' = Met; used k/' = 2 X 107 L mol-1 91A252 
pH=lO S-I. 

H2O 4.3 X 107 (kr) CP/0c-17 S = Bos; A' = Met; used "-r A' = 2 X 107 L mol-1 91A252 
pH= 11.5 -1 . s . 

A.77 1,6 .. Beptadiene.3,s-dione, 1,7 -bis( 4-bydroxy-3 .. methoxyphenyl) .. (Curcumin) 

C6D6 2.5 x lOs 295 CPILI-12 S = TPP; used kd = 1.5 X 103 s-l. 94E153 

CH3CN <7 x 106 CP/U-12 S = RB; used kd = 1.7 X 104 S-I. 94F069 

.... 78 Melanin (from DOPA) 

D20 1 x 108 PULd-2 S = 7; rate per monomer unit. 87R227 
pD = 7.5-8.1 

1 n........ ,.............. D ... f nete \/"'. 1)4 J\lt\ ? 1 QQII:;: 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(L mor l s-I) (mol L-I) (K) 

4.78 Melanin (from DOPA) - Continued 

D20 S2 x 107 >6.7 x 10-3 296 CP/Oc-15 S = RB; used kd = 1.9 x 104 S-I; based on 84F330 
pD=7.6 ? monomer unit of MW 150. 

4.79 5,12-Naphthacenedione, 8-acetyl-l O[(3-amino-2,3,6-trideoxy-hexopyranosyloxy ]-tetrahydro-6,8,II-trihydroxy-l.methoxy- (Daunomycin) 

D20 _108 PULd-2 S = AICI(tspc); cor. for aggregation of substrate. 89B024 
pH =7.4 

H2O 2 x 107 (kr) 308 CRlAc-31 used kd = 2.4 x lOs s-I; 102* from MNP02; 15% 89M096 
pH=7.8 I x 109 (kq) dimer. 

H20 (mic) 1.7 x 109 308 CP/Ac-16 S = ?; A' = DPBF; used kd = 2.4 x lOs s-l; 15% 89M096 
pH=7.8 dimer; 0.1 mol L-1 CTAB. 

4.80 5,12·Naphthacenedione, 10-[(3.amino·2,3,6-trideoxy-a.L-lyxo-hexopyranosyl)oxy]-
7 ,8,9,1 O.tetrahydro-6,8,11-trihydroxy-8-(hydroxyacetyl)-l-methoxy- (Adriamycin) 

4.81 

4.82 

4.83 

4.84 

4.85 

4.86 

4.87 

4.88 

D20 _108 PULd-2 S = A1CJ(tJlpc): cor for aggregation of substrate. 89B024 
pH=7.4 

H20 
pH=7.8 

H20 (roic) 

pH=7.8 

2 x 107 (kr) 
9 x 108 (kq) 

2.1 x 109 

308 CRlAc-31 

308 CPI Ac-16 

used kd = 2.4 x lOs s-l; 102* from MNP02; 15% 89M096 
dimer. 

S =?; A' = DPBF; used kd = 2.4 x lOs S-I; 15% 89M096 
dimer; 0.1 mol L -1 CTAB. 

12-Naphthaceneone, 8-acetyl-l0[(3-amino-2,3,6-trideoxyhexopyranosyloxy ]-tetrahydro-6,7 ,11-trihydroxy-S-imino-l-methoxy-

D20 _107 PULd-2 S = AICI(tspc). 89B024 
pH =7.4 

H2O 2 x 107 (kr) 308 CRlAc-31 used kd = 2.4 x lOs S-I; 102* from MNP02; 15% 89M096 
pH =7.8 3 x 109 (kq) dimer. 

H20 (mic) 3.5 x 109 308 CP/Ac-16 S =?; A' = DPBF; used kd = 2.4 x lOs s-l; 15% 89M096 
pH=7.8 dimer; 0.1 mol L-1 CTAB. 

Naphthalene,l,s-dihydroxy-

CD30D 6.1 x 106 CP/LI,Pa- S = RB; used kd = 4.4 X 103 S-l; P = 5-Hydroxy- 90F065 
1.6 x 106 (kr) 12,28 1 A-naphthoquinone. 

Naphthalene, 1,6-dihydroxy-

CD30D 3.2 x 106 CPILI,Pa- S = RB; used kd = 4.4 x 103 s-l; P = 6-Hydroxy- 90F065 
1.2 x 106 (kr) 12,28 1 A-naphthoquinone. 

Naphthalene, 1,7 -dihydroxy. 

CD30D 3.6 x 106 CPILI,Pa- S = RB; used kd = 4.4 x 103 S-I; P = 6-Hydroxy- 90F065 
6.8 x lOs (kr) 12,28 1 A-naphthoquinone. 

Naphthalene, 1,8.dihydroxy-

CD30D 5.3 x 107 CP/LI,Pa- S = RB; used kd = 4.4 X 103 S-l; P = 5-Hydroxy- 90F065 
3.0 x 107 (kr) 12,28 1 A-naphthoquinone. 

Naphthalene, 2,6-dihydroxy-

CD30D 1.9 x 106 CPILI-12 S = RB; used kd = 4.4 X 103 s-l. 90F065 

Naphthalene, 2,7 -dihydroxy-

CD30D 2.1 x 106 CP/LI-12 S = RB; used kd = 4.4 X 103 s-l. 90F065 

I.Naphthol 

I-BuOH 7.6 x 106 293 PUA'd-8 S = PP; A' = DPBF. 88F462 

I-BuOH 3.2 x 107 293 CP/A'c-23 S = MB; A' = Np; used kd = 5.2 X 104 S-I, kA, = 
5.2 x 108 L mol-1 s-l. 

78A266 

C6H6 S5 x lOS 293 PUA'd-8 S = PP; A' = DPBF. 88F462 
85A124 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

-;j!-io Solvent k 13 (kd1k) T Method Comment Ref. 
(L morl s-l) (mol L-l) (K) 

i~ l·Nuphthol 

I-BuOH 3.2 x 107 293 PUA'd-8 S = PP; A' = DPBF. 88F462 

I-BuOH 7.6 x 106 293 CP/A'c-23 S = MB; A' = Np; used kd = 5.2 X 104 s-l, kg = 78A266 
5.2 x 108 L mol-l S-I. 

C(,HsCI 3.9 x 104 295 PULd-2 S = Zn(pc). 87A371 

C(,H6 ~1 x 105 293 PUA'd-8 S = PP; A' = DPBF. 88F462 
85A124 

C(,H6 1.8 x 104 295 PULd-2 S = Zn(pc). 87A371 

CH3CN 9.3 x 104 295 PULd-2 S =Zn(pc). . 87A371 

CH)COCH j 4.0x 104 29'; PT.1Ld-2 S= Zn(pc). 87A371 

CHC13 7.1 x 104 295 PULd-2 S = Zn(pc). 87A371 

2-PrOH 3.5 x 104 295 PULd-2 S = Zn(pc). 87A371 

• ~I I A-Naphthoquinone, S-hydroxy-

CD30D 1.8 x 107 CP/LI-12 S = RB; used kd = 4.4 X 103 s-l. 90F065 

t!J! I A" Naphthoquinone, 6.hydroxy-

CD30D 5.9 x 106 CP/LI-12 S = RB; used kd = 4.4 X 103 S-I. 90F065 

U) )"heDol 

C6H&,MeOH <104 CP/A'c-23 S = A' = Rub; kd and kA' not given. 88F650 
(60:40) 

CD30D 2.5 x 104 293 PULd-2 S=HP. 88R236 
90F411 

D20 1.3 x 106 PULd-2 S = HP or H2 TPPs4"; calcd. from pH dependence 90F411 
(7-14) and pKa• 

H2O CP/Oc-17 S = RB; A' = Met; used kr
A' = 2 X 107 L mol-l 93E536 

pH=8.0 1 x 106 (kr) -1 s . 
pH =9.0 1.6 x 106 (kr) 

pH= 10.0 5.0 x 107 (kr) 

H2O -3 x 106 <kr) 300 MPI Ac,A' c-17 S = RB; A' = FFA; used kr A' = 1.2 X 108 L morl 91F300 
S-l; calcd. from pH dependence and pKa; 
reported k = (2.6 ± 4.0) x 106 L morl s-l. 

H2O <106 <kr) 292 MPI Ac,A'c-17 S = RB; A' = FFA; used krA' = 1.2 X 108 L morl 87A180 
s-l; caicfL from pH dependence (8-11.5) and pK,. 
=9.9. 

H2O CP/Ac-15 S = RB; used kd = 5 X lOs S-I. 82A464 
pH=8 2.0 x 107 0.026 
pH=9 b.l x 107 8.2 X 10-3 

pH= 10.3 2.7 x 108 1.9 x 10-3 

V~.\ Phenol,4-acetyl .. 

H2O 1.5 x 106 (kr) 300 MPI AC,A' c-17 S = RB; A' = FFA; used k/' = 1.2 X IUS L mor l 91F300 
s-l; calcd. from pH dependence and pKa. 

.... '4 Phenol, 4-acetyl-2,6-bis(1,1-dimethylethyl)-

I-BuOH 1.0 x 106 293 CP/A'c-23 S = MB; A' = Np; used kd = 5.2 X 104 S-I, kA' = 78A266 
5.2 x 108 L mol-1 s-l. 

.... 95 Phenol, 4-amino-

D20 1 x 108 PULd-2 S = AICl(tspc). 89R092 
pH=7 

·1.96 Phenol,2-(benzotriazol-2-yl)-4,6-bis(1,1-dimethylpropyl)-

i-octane <1 x 106 CP/A'c-23 S = A' = Rub; No measurable effect. 732066 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

No. Solvent k ~ (kdlk) T Method Comment Ref. 
(Lmol-1 s-l) (mol L-1) (K) 

4.97 Phenol, 2.(benzotriazol.2.yl).6-chloro-4.(1,I.dimethylethyl). 

CCI4/CHCl3 1.0 x 104 CP/A/c-23 S = A' = Rub; used kd = 1.4 X 103 S-l, kA, =7 x 74F645 
(90:10) 107 L mor1 s-l; Measured kI(kA'[A1 + kd) = 10.0 

L mol-1 s-l at [A 1 = 5 X 10-(; mol L-1• 

4.98 Phenol, 2-benzyl· 

C6HJMeOH 1.4 x 105 PULd-2 S=PrPor. 93E536 
(80:20) 

C6H6 4.3 x 104 PULd-2 S = PrPor. 93E536 

EtOH 2.0x 105 PULd-2 S=RB. 93E536 

4.99 Pbenol, :Z,6-biS(l,I-dlmetbyletbyl). 

I-BuOH 1.7 x 106 293 CP/A'c-23 S = MB: A' = Np; used kd = 5.2 x 104 s-l, kA,= 78A266 
5.2 x 108 L mol-1 s-l. 

C6I~ 2.0 x 104 (kr) CP/Ac,A'c 17 S = HA; A' = BHT; used krA' = 1.2 x lOS L mol-I. 89F350 
s-l. 

C6H6 3.2 x 104 CPlP'a-20 S = ZnTPP; A' = 2M2P; used kd = 4.2 X 104 s-l, 78A171 
PA' = 0.053 mol L-1; Measured (klA] + kd)/kA' = 
6.17 X 10-2 mol L-1 at LAj = 0.22 mol L-1

• 

CD30D 2.6 x 105 293 PULd-2 S=HP. 88R236 
90F411 

CH2Cl2 7.5 x 105 CP/A'c-33 S = A' = Rub; used kA' = 7.3 X 107 L morl S-l; 84F199 
kd not given. 

MeOH 3.0 x 104 (kr) CP/Ac,A/c-17 S = HA; A' = BHT; used Ie, A' = 2.2 x lOS L mol-l 89F350 
-1 s . 

MeOH 1.0 x 106 0.12 CP/A/c-16 S = MB; A' = DPF; used kd = 1.2 x lOS S-l. 78A171 

4.100 Phenol,2,4-bis(I,I-dimethylethyl)·S·methoxy. 

MeOH CRlPa,P'a-17 A' = TME; meas. k/Ie,A' = 6.7 x 10-3; 102* from 70F454 
H20 2/NaOCl. 

MeOH CP/Pa,P' a-17 S = RB; A' = TME; meas.k/Ie, A' = 7.0 X 10-3• 70F454 

4.101 Phenol, 3,5.bis(I,I.dimethylethyl)-4.methoxy. 

I-BuOH 2.6 x 107 293 CP/Ac-15 S = MB; used kd = 5.2 X 104 S-I. 78A266 

I-BuOH 2.7 x 107 293 CP/A'c-23 S = MB; A' = Np; used kd = 5.2 X 104
8-

1
, kA' = 78A266 

S.2 x 108 L mo.-I &-1, 

4.102 Phenol, 2,6·bis(I,I.dimethylethyl)-4.methyl. (BIIT) 

I-BuOH 7.6 x 106 293 CP/A'c-23 S = MB; A' = Np; used kd = 5.2 X 104
5-

1
, kA' = 

5.2 x 1011 L mol-1 ~-I. 
78A266 

C6H6 1.3 X 106 298 CP/Ac,A'c-23 S = A' = Rub; used kd = 4.2 X 104
8-1, kA' = 4.2 x 90F360 

4 x lOS (k,) 107 L mol-1 s-l. 

7.7 x lOS (kq) 

C6H6 6.6 x 105 CP/P'a-20 S = ZnTPP; A' = 2M2P; used kA, = 7.5 x lOS L 78A171 
mol-I 8-1; meas. kAlkA' = 0.88. 

C6H6 2.5 x 106 0.016 CP/A/c-16 S = ZnTPP; A' = DPF; used kd =4.2 x 104 8-
1
• 78AI71 

C6H6 1.2 x lOS (kc) CP/Pa,P' a-17 S = ZnTPf; A' = 2M2P; used k, A' = 7.5 x lOS L 78A171 
morl s-I; meas. "lie, A' = 0.16. 

C6~ 8.2 x 105 CP/Pa-20 S = ZnTPP; A' = Car; used kA, = 1.2 X 1010 L 78A171 
mol- l s-l; Measured (kA,lkA) = 1.46. 

C6H6 6.1 x 105 0.06 CP/Pa-15 S = ZnTPP; used kd = 4.2 X 104 s-l. 78A171 

CCl4 3.7 x 107 CULI-12 S = TPP; used kd = 1 X 103 S-I. 85F667 

CCl4 9.8 x 106 (k,) CP/Ac-17 S = A' = An; used k/' = 3.5 x lOS L morl S-I. 80F718 

CHCl3 6.5 x 106 PULd-2 S = MPDEE or PdMPDEE. 81A327 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

':['f" 

~; Solvent k 13 (krlk) T Method Comment Ref. 
(L mol-I s-l) (mol L-1) (K) 

~~ 

'101 Phenol, 2,6·bis(1,1-dimethylethyl)-4-methyl- (BDT) - Continued 

EtOH 3.4 x 106 308 CRlA'c-16 A' = DPBF; used kd = 8.3 X 104 s-l; 102* from 91F285 
MNP02· 

MeOH 5.0x 106 0.036 CP/A'c-16 S = RB; A' = DPBF; used kd = 1.8 X 105 s-l. 88F440 

MeOH 2.2 x lOS (Icr) CPIPa,P' a-17 S = MB; A' = 2M2P; used krA' = 6.3 x lOS L 78AI71 
mol-1 s-I; meas. k/k/' = 0.36. 

MeOH 5.6 x 106 0.021 CP/A'c-16 S = MB; A' = DPF; used kd = 1.2 X 105 s-l. 78Al71 

MeOH 4.2 x 106 0.03 CPIPa-15 S = MB; usedkd = 1.2 X 105 s-I. 78A171 

"103 Phenol, 2,6.bis(1,1-dimethylethyl)-4-phenyl-

I-BuOH 3.9 x 106 293 CP/A'c-23 S"" MB; A' "" Np; used kd = 5.2 x 104 s-I, kA' = 78A266 
5.2 X 108 Lmorl s-l. 

MeOH 7.9 x 106 0.015 CP/A'c-16 S = MB; A' = DPF; used kd = 1.2 X 105 s-l. 78A171 

... .,\4).4 Phenol, 2,6-bis(1,1-dimcthylethyl)-4-(phenylmethyl)-

MeOH 3.8 x 106 0.031 CP/A'c-16 S = MB; A' = DPF; used kd = 1.2 x lOs S-I. 78Al71 

".IO! Phenol,4.bromo.2,6-bis(I,1-dimethylethyl)-

I-BuOH 1.5 x 106 293 CP/A'c-23 S = MB; A' = Np; used kd = 5.2 X 104 S-l, kA' = 78A266 
5.2 x 108 L mol-1 s-l. 

MeOH 8.4 x 105 0.14 CP/A'c-16 S = MB; A' = DPF; used kd = 1.2 x lOs s-l. 78A171 

'JOtS Phenol,2-cl1loro-

H2O -9 x 106 (Icr) 300 MPI Ac,A'c-17 S = RB; A' = FFA; used kr A' = 1.2 X 108 L mol-1 

s-I; calcd. from pH dependence and pKa; 
reported k = (9.2 ± 9.4) x 106 L mol-1 S-I. 

91F300 

"~I07 Phenol, 3-chloro-

H2O 5.4 x 106 (kr) 300 MP/Ac,A'c-17 S = RB; A' = FFA; used kr A' = 1.2 X 108 L mor1 

s-l; calcd. from pH dependence and pKa . 
91F300 

.4.108 ' Phenol,4-cbloro-

H2O -6 x 106 (kr) 300 MPI Ac,A'c-17 S =RB; A' =FFA; used krA' = 1.2 X 108 Lmol-1 91F300 
S-I; calcd. from pH dependence and pKa . 

•• 109 Phenol, 2-(S·cblorobenzotriazol-2.yl)-4,6.bis(1,1.dimetbylethyl). 

C6HsBr 2.6 x 106 273 MD/A'c-33 A' = Rub; used kd = 1.3 X 104 s-l, kA' = 4.0 X 107 737333 
L morl 

S-I; Measured kJ(kd/[A1 + kA/) = 2.0 X 

10-2 at [A1 = 1.5 x 10-4 mol L-1• 

"'.110 Pbenol,4-chloro·2,6.di(1,1-dimetbylethyl). 

I-BuOH 3.2 x 106 293 CP/A'c-23 S = MB; A' = Np; used kd = 5.2 X 104 s-I, kA' = 78A266 
5.2 x 108 L mol-1 s-l. 

4.111 Phenol,3.chloro.S.metboxy-

CH3CN 1.2 x 107 PULd-2 S=RB. 91A341 

H2O <1 x 103 (kr) 293 CP/Oc-17 S = Bos; A' = His; used Icr A' = 7 X 107 L mol-I 91A341 
s-l. 

dioxane 5.3 x 105 PULd-2 S=ZnTPP. 91A341 

".112 Pbenol, 4-cyano-

H2O -2 x lOs (kr) 300 MP/Ac,A'c-17 S = RB; A' = FFA; used Icr Po: = 1.2 X 108 L morl 

s -1; calcd. from pH dependence and pKa; 
91F300 

reported k = (2.4 ± 4.4) x 105 L morl S-1. 

4.113 Pbenol, 2,4-dicbloro· 

C6RdMeOH <104 CP/A/c-23 S=A'=Rub. 88F650 
(60:40) 

J. Phvs. Chem. Ref. Data. Vol. 24. No.2. 1995 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(L mol-1 s-l) (mol L-1) (K) 

4.113 Phenol, 2,4-dichloro- - Continued 

H2O -5 x 106 (kr) 300 MPI Ac,A' c-17 S = RB; A' = FFA; used krA' = l.2 X 108 L mol-1 91F300 
S-I; calcd. from pH dependence and pKa; 
reported k = (5.1 ± 4.7) x 106 L mor1 s-. 

H2O <5 X 105 (kr) 292 MP/Ac,A'c-17 S = RB; A' = FFA; used Ie,: A' = 1.2 X 108 L mol-1 87A180 
S-I; calcd. over range of pH = 5.5 to 9.6; pKa = 
7.8. 

4.114 Phenol, 2,6-dichloro-

C6H&MeOH <104 CP/A'c-23 S=A'=Rub. 88F650 
(60:40) 

4.115 Phenol, 2,6-dimethoxy. 

H2O 3.6 x 107 (kr) 300 MPI Ac,A' c-17 S=RB; A' = FFA; usedk/' = 1.2 x 108 Lmorl 
S-I; ca1cd. from pH dependence and pKa •• 

91F300 

4.116 Phenol, 2,4.dimethyl-

C6H6 3.4 x 104 (kr) CPt Ac,A' c-17 S = HA; A' = BHT; used kr A' = 1.2 X 105 L mol-I 

s-I. 
89F350 

MeOH 5.0 x 104 (kr) CP/Ac,A'c-17 S = HA; A' = BHT; used kr A' = 2.2 x lOs L mol-1 89F350 
-I s . 

4.117 Phenol, 2,6-dimethyl-

C6H6 8 x 103 (kr) CPI Ac,A' c-17 S = HA; A' = BHT; used Ie,: A' = 1.2 X 105 L mol-1 89F350 
S-I. 

MeOH 1.0 x 104 (kr) CPI Ac,A' c-17 S = HA; A' = BHT; used kr A' = 2.2 X 105 L mol-I 89F350 
-I s . 

4.118 Phenol, 3,4-dimethyl-

C6H6 2.2 x 104 (kr) CPI Ac,A' c-17 S = HA; A' = BHT; used kr A' = 1.2 X 105 L mort 89F350 
-I s . 

MeOH 3.9 x 104 (Ie,:) CPI Ac,A' c-17 S = HA; A' = BHT; used k/' = 2.2 x 105 L mor1 89F350 
s-l. 

4.119 Phenol, 4-(1,I-dimethylethoxy)-2,6-bis(I,I-dimethylethyl)-

1-BuOH 2.4 x 107 293 CP/A/c-23 S = MB; A' = Np; used kd = 5.2 X 104 S-I, kA, = 78A266 
5.2 x 108 Lmol-1 s-l. 

4.120 Phenol, 2-(I,I-dimethylethyl)-

CD30D 2.6 x 105 293 PULd-2 S=HP. 88R236 
90F411 

4.121 Phenol,4-(1,1-dimethylethyl)-

H2O -10' (kr) 300 MPI AC,A' c-17 S = RB; A' = FFA; used Ie,: A' = 1.2 X 108 L mol-1 91F300 
S-I; ea1ed. from pH dependence and pKa; 
reported k ~ (1.2::1: 1.3) x 10' L mol-t $-1. 

4.122 Phenol, 3-(I,I-dimethylethyl)-4-methoxy-

CD30D 2.2 x 107 293 PULd-2 S=HP. 88R236 
90F411 

4.123 Phenol, 2,4-dinitro-

C6H6 <1.4 x 106 (Ie,:) CP/A'c-23 S = A' = Rub; used kd = ~.3 X 104 s-I, kA, = 3.4 87E142 
x 107 Lmol-1 s-l. 

4.124 Phenol,2,5-dinitro-

C6H6 <1.6 x 106 CP/A'c-23 S = A' = Rub; used kd = ~.3 X 104 S-I, kA, = 3.4 87E142 
x 107 L mol-I s-I. 
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TABLE 4; Rate constantsforiilteraction of singlet oxygen with phenols and naphthols. - Continued 

Solvent 

,'.tn.s Phenol, 2,6-dinitro

C~ 

.. ;'26 Phenol,4-ethoxy-2,3,5,6-tetramethyl-

MeOH 7.3 x 107 

'P (kik) 
(molL-I) 

1.6 X 10-3 

.,127 Phenol,4-[(1-hydroxy-2,2-dimethyl)propyl]-2-methoxy-

CH3CH(OCH3h 8.5 x 105 0.037 

1.1 X 108 

0.025 

0.16 

• ,)28 Phenol,2-(2 .. bydroxyphenyl)- (2,2; -Dihydroxybipbenyl) 

0 20 2!7x 107 

pD = 8.5 

EtOH 7.5 X 106 

' •• '29' ," Phenol, 2-methoxy-

H20 -6 x 106 (kr) 

'4fl30>, ~enol, 3-methoxy-

H20 -1 x 107 (kr) 

,4.13L P'henol,4-metboxy-

CD30D 5.8 x 106 

~132 Phenol,4-methoxy·2,6-dimethyl-

EtOH 2.:; x 107 

1I~J3~ ,Phenol, 4-methoxy-2,3,5,6-tetrametbyl-

EtOH 1.4 x 101 

.-.J 34 Phenol, 4-methoxy-2,3,6-trimethyl-

EtOH 6.8 x 107 

.... 35' 'Phenol,4-methyl-

D201 EtOH (75:25) 2.4 x 107 

H20 1 x 107 (kr) 

<5 X 106 (Icc) 

T 
(K) 

300 

300 

293 

300 

308 

308 

308 

295 

300 

292 

Method Comment 

CP/A'c-23 S = A' = Rub; used kd =~.3 X 104 s-l, kA, = 3.4 
x 107 Lmol-1 s-l . 

CP/A'c-16 S = MB; A' = OPF; used kd = 1.2 x 105 s-l. 

MPIPa-15 S = 4-HOC6H3(3-OCH3)COCH3; used kd = 3.1 x 
104 s-l. 

CP/Ac-32 S = 4-CH30C6H4COc;Hs; Q = Car; used kd = 
3.1 x 104 5-1, ~ -- 1.3 x 1010 L mol-1 s-l. 

MP/Ac-15 S = 4-HOC6H3(3-OCH3)COCH3; used kd = 3.1 x 
104 s-l. 

MP/Ac-16 S = A-HOCGH3(3-OCH3)COCH3; A' = DABCO; 
used kd = 3.1 X 104 S-I; unexplained discrepancy 
in these data . 

PULd-2 S=RB. 

PULd-2 S=RB. 

MP/Ac,A'c-17 S = RB; A' = FFA; used kr K = 1.2 X 108 L morl 

S-I; calcd. from pH dependence and pKa; 
reported k = (0.6 ±1.8) x 107 L morl s-I• 

MP/Ac,A'c-17 S = RB; A' = FFA; used kr A' = 1.2 X 108 L morl 

s-I; calcd. from pH dependence and pKa; 
reported k = (1.3 ± 1.0) x 107 L morl s-l. 

PULd-2 S=HP. 

MP/Ac,A'c-17 S = RB; A' = FFA; used kr A' = 1.2 X 108 L morl 

:s-1; ewell. fwm pH ucpcnuc::m;t: WIU pKa• 
reported k = (2.2 ± 2.2) x 107 L mol-l s-l. 

CRlA'C-16 A' = DPEl"; used kd = 8.3 X 104 SI; lU2'" from 

MNP02· 

CRlA'c-16 A' = OPBF; used kd = 8.3 X 104 S-I; 102* from 

MNP02• 

CRlA'c-16 A' = OPBF; used kd = 8.3 X 104 s-l; 102* from 

MNP02· 

PULd-2 S=RB. 

MP/Ac,A'c-17 S = RB; A' = FFA; used kr A' = 1.2 X 108 L mol-l 

s-'; calcd. from pH dependence and pKa. 

MP/Ac,A'c-17 S = RB; A' = FFA; used kr A' = 1.2 X 108 L mol-l 

s-'; calcd. over the range pH = 8.3 to 11.5; pKa = 
10.2. 

769 

Ref. 

87E142 

78A171 

84F194 

84F194 

84F194 

84F194 

93E536 

93E536 

91F300 

91F300 

88R236 
90F411 

91F300 

!:JI1'2H.5 

91F285 

91F285 

94A113 

91F300 

87A180 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

No. Solvent k ~ (kd/k) T Method Comment Ref. 
(Lmor1 s-l) (mol L-1) (K) 

4.136 Phenol, 2,2 ·.methylenebis( 6-tert-butyl-4-methyl-

MeOH 2.6 X 107 7.0 X 10-3 CP/A'e-16 S = RB; A' = DPBF; used kd = 1.8 X lOs S-I. 88F440 

4.137 Phenol, 2·nitro .. 

H2O -I X 106 (kr) 300 MPI Ac,A' c-17 S = RB; A' = FFA; used kr A' = 1.2 X 108 L morl 91F300 
s -1; caled. from pH dependence and pKa; 
reported k = (1.3± 1.1) x 106 L mol-1 S-I. 

4.138 Phenol, 3-nitro-

H2O -3 x 106 (kr) 300 MPI Ae,A' e-17 S = RB; A' = FFA; used k/' = 1.2 x 108 L mol-1 91F300 
s-I; caled. from pH dependence and pKa; 
reported k = (2.7 ± 1.8) x 106 L mol-1 s-l. 

4.139 Phenol,4·nitro-

H2O -3 x lOs (kr) 300 MPI AC,A' c-17 S = RB; A' = FFA; used krA' = 1.2 X 108 Lmorl 91F300 
s:-I; calcd_ from pH dependence and pK

Il
; 

reported k = (2.6 ± 2.3) x lOS L morl S-I. 

4.140 Phenol, pentachloro. 

H2O -2 x 105 (kr) 300 MPI Ac,A' c-17 S == RB; A' .... FFA; used krA' - 1.2 x 108 L mol-1 91P300 
s-l; caled. from pH dependence and pKa; 
reported k = (0.2 ± 5.5) x 106 L morl s-l. 

4.141 Phenol, 2-phenyl- (2-Hydroxybiphenyl) 

C6H6/MeOH 7.3 x 104 PULd-2 S=PrPor. 93E536 
(60:40) 

C6H6 2.3 x 104 PULd-2 S=PrPor. 93E536 

4.142 Phenol, 3-(phenyJamino)-

CH3CN/H2O 3.0x 107 1.1 X 10-3 CP/Pa-14 S = MB; used kd = 3.3 X 104 S-I. 80F427 
(96:4) 

4.143 Phenol, 2,3,5,6.tetrafiuoro-

CD30D 3.0 x 104 293 PULd-2 S=HP. 88R236 
90F411 

4.144 Phenol, 4.(1,1,3,3-tetramethylbutyl)., salicylate 

i-octane <1 x 106 CP/A'c-23 S = A' = Rub; No measurable effect. 732066 

4.145 Phenol,2,2'-thiobis[4-(1,1,3,3-tetramethylbutyl). 

i-octane <1.0 x 106 CP/A'c-23 S = A' = Rub; No measurable effect. 732066 

4.146 Phenol, 2,4,6·trichloro· 

C6HdMeOH <104 CP/A/c-16 S=A/=Rub. 88F650 

(60:40) 

H2O 2 x 107 (kr) 300 MPI Ae,A' c-17 S RB; A' = FFA; used krA' = 1.2 x 108 L morl 

s-l; caled. from pH dependence and pKa. 
91F300 

H2O <5 x 105 (kr) 292 MP/Ac,A'c-17 S = RB; A' = FFA; used Ie/' = 1.2 x 108 L morl 87A180 
5-1; calcd. over the range pH = 4.2 to 9.0; pKa = 
6.1. 

4.147 Phenol, 2,4,6.tri(1,1.dimethylethyl). 

I-BuOH 3.7 x 106 293 CP/A'e-23 S =MB; A'=Np; used~=5.2x 104 s-l,kA,= 78A266 
5.2 x 108 L mol-l s-l. 

c-C6H 12 5.8 X 105 PUA'd-8 S = 2-ACN; A' = DPBF; AH; = -Q.8 kJ mol-I; 84E492 
AS:!: = -147 J K-1 mol-I; studied at 278-357 K. 

C6HsCH3 1.4 X 106 PUA'd-8 S = 2-ACN; A' = DPBF. 84E492 

C6H6 2.6 x 105 CPlP'a-19 S = ZnTPP; A' = 2M2P; used kA' = 7.5 X 105 L 78Al71 
mo}-1 s-l; meas. kAlkA' = 0.34. 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

;~1%)iJ~ 

".-
Solvent k ~(kJk) T Method Comment Ref. 

(L mol-I s-I) (mol L-I) (K) 
i·~~s.1J';JS' 

",Jif1 Phenol,2,4,6-trl(1,1-dimethylethyl)- - Continued 

C6~ 1.4 x 106 0.030 CP/A'c-16 S = ZnTPP; A' = OPF; used kd =-4.2 x 104 s-l. 78Al71 

CH3CN 2.5 x 106 PUA'd-8 S = 2-ACN; A' = OPBF. 84E492 

CH3COCH3 2.4 x 106 PUA'd-8 S=2-ACN; A'=OPBF. 84E492 

MeOH 2.8 x 106 PUA'd-8 S = 2-ACN; A' = OPBF; Ml* = -3.4 kJ mol-I; 84E492 
as; = -135 J IC"I mol-I; studied at 250-328 K. 

MeOH 3.4x 106 0.034 CP/A/c-16 S = MB; A' = OPF; used kd = 1.2 x lOS s-l. 78A171 

MeOH 6.3 x 104 <kr) CPIPa,P' a-17 S = RB; A' = BHT; used krA' = 2.2 x lOS L mol-1 78Al71 
s-I; meas. klkr A' = 0.29. 

", 't.J4' Pbenol, 2,4,6-trimetbyl-

EtOH 3.8 x 106 308 CRlA/c-16 A' = OPBF; used kd = 8.3 X 104 s-l; 102* from 91F285 

MNP02· 

·tJ'" Phenol, 2,4,6-tripheoyl-

~~ 2.2 x 107 1.9 X 10-3 CP/A'c-16 S = ZnTPP; A' = OPF; used kd = 4.2 X 104 s-l. 78A171 

CH3CN 1.5 x 107 2.3 X 10-3 CP/A/c-16 S = MB; A' = OPF; used kd = 3.3 X 104 s-l. 78AI71 

MeOH 2.5 x 108 4.6 x 10-4 CP/A/c-16 S = MB; A' = OPF; used ~ = 1.2 x 10:)S-I. 78Al71 

,**.80 Pheooxide ioo 

C6HdMeOH 7.0 x 107 CP/A/c-23 S = A' = Rub; kd and kA, not given; 6 x 10-3 mol 88F650 
(60:40) L-IKOH. 

0 20 2.8 x 108 PULd-2 S = HP or H2 TPPs4"; caled. from pH dependence 90F411 
(7-14) and pKa• 

H2O 1.6 x 108 (kr) 300 MP/Ac,A/c-17 S = RB; A' = FFA; used krA' = 1.2 X 108 Lmol-1 

s-I; caled. from pH dependence and pKa. 

91F300 

H2O 1.8 x 108 (kr) 292 MPI Ac,A' c-17 S = RB; A' = FFA; used kr A' = 1.2 X 108 L mol-1 

s-l; caled. over the range pH= 8.0 to 11.5. 
87A180 

'.151 Phenoxide ioo, 4-acetyl-

H2O 2.4 x 107 (kr> 300 MP/Ac,A'c-17 S =RB; A' = FFA; used krA' = 1.2 X 108 Lmol-1 

S-I; caIed. from pH dependence and pKa• 
91F300 

4tl52 Phenoxide ion, 2-benzyl-

EtOH 1.6 x 108 PULd-2 S = RB; 7.5 X 10-3 mol L -1 KOH. 93E536 

H2O 4.4 x 107 (kr) CP/0c-17 S = RB; A' = Met; used k/,{ = 2 X 107 L mol-1 93E536 
pH=l1 S-I. 

•• 153 Phenoxide 100, 4-bromo-

C6HsCOCH31 6x 107 295 CP/A'c-23 S = A' = Rub; used kd = 3 X 104 S-I; kA, not 93F328 
MeOH (50:50) given; 0.01 mol L-1 KOH. 

C6~MeOH 1.5 x 107 (kr) 295 CPI Ac,A' c-17 S = Rub; A' = OMA; used krA' = 1.2 X 107 L 93F328 
(80;20) mol-1 s-l; 0.01 mol L-1 KOB. 

C6HdMeOH 1.5 x 107 295 CP/A/c-23 S = A' = Rub; used kd = 3.8 X 104 s-l; kA, not 93F328 
(80:20) given; 0.01 mol L-1 KOH. 

CH3CNIMeOH 6x 107 CP/A'c-16 S = A' = Rub; used kd = 3 x lOS 8-1; 0.01 mol L-1 94F095 
KOH. 

H2O 1.1 x 109 CP/Ac-14 S = Bos; used kd = 2.5 x lOS 8-1• 94F095 
pH=ll 

H2O 1.5 x 108 (kr) CPI AC,A' c-17. S = RB; A' = His; used kr A' = 8.8 X 107 L mor l . 94F095 

pH=l1 -I s . 

H2O 1.5 X 108 (kc) 295 CP/0c-17 S = Bos; A' = Met; used keN = 2.0 X 107 L m01-1 93F328 
pH=l1 -1 s . 

H2O 1.1 X 109 295 CP/Oc-15 S = Bos; used kd = 2.5 x lOS s-l. 93F328 
pH=l1 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

No. Solvent k ~ (kik) T Method Comment Ref. 
(L mo)-1 s-l) (mol L-1) (K) 

4.153 Phenoxide ion, 4.bromo- - Continued 

MeOHlC6H6 1.6 x 107 (kr) CPI Ac,A' c" 17 S :: RB; A' :: DMA; used k/': : 1.2 X 107 L mol-I 94F095 
(60:40) s-l; 0.01 mol L-l KOH. 

MeOHlC6H6 1.5 x 107 CP/A'c-16 S :: A' = Rub; used kd = 1 x lOs s-l; 0.01 mol L-1 94F095 
(60:40) KOH. 

4.154 Phenoxide ion, 4.bromo.2,6.dimethyl. 

CH3CNIMeOH 2.1 x 108 CP/A'c-16 S = A':: Rub; used kd = 3 x lOs S-I; 0.01 mol L-l 94F095 
KOH. 

H2O 2.6 x 109 CP/Ac-14 S:: Bos; used kd = 2.5 x lOs s-l. 94F095 
pH= 11 

H2O 3.9 X 108 (kr) CPI Ac,A' c-17 S = RB; A' = His; used k,.A' :: 8.8 X 107 Lmol-1 94F095 
pH= 11 -I s . 

MeOH/C6H6 ~ x 107 CP/A'c-16 S "'" A' "" Rub; used krJ "" 1 x lOS e l ; 0.01 mol L-1 94F095 
(60:40) KOH. 

MeOHlC6H6 5 x 107 (kr) CPI Ac,A' c-17 S = RB; A' = DMA; used kr A' = 1.2 X 107 L mol-1 94F095 
(60:40) s-I; 0.01 mol L-1 KOH. 

4.155 Pbenoxide ion, 2·chloro· 

H2O 1.9 x 108 (kr) 300 MP/Ac,A' c-17 S = RB; A' :: FFA; used kr K :: 1.2 X 108 L mol-I 91F300 
s-I; calcd. from pH dependence and pKa• 

H2O 1.7 x 107 (kr) CP/0c-17 S : RB; A' = His; used k.: A' :: 8.8 X 107 L marl 90F518 
pH= 11.5 -1 s . 

H2O 2.3 X 108 CP/Ac,Oc-14 S :: Bos; used kd = 2.5 X 105 8-1. 90F518 
pH= U.S 

MeOH 5.0x 107 CP/A'c-23 S:: A':: Rub; used kd:: 1.4 x 105 8-J, kA' = 5 x 
107 L mol-l S-I; 0.01 mol L-l KOH. 

90F518 

4.1's6 Pbenoxtde lon, 3·cbloro· 

H2O 1.6 x 108 (kc) 300 MP/Ac,A'c-17 S = RB; A':: FFA; used k.: A' = 1.2 X 108 L mol-1 91F300 
s-l; calcd. from pH dependence and pKa• 

H2O 1.S X 107 (kr) CP/Oc-17 S .,.. RB; A' - His; used "r A' .,.. 8.8 x 107 L mol-1 90FS18 

pH = 11.5 S-I. 

H2O 1.1 X 109 CPI AC,Oc-14 S = Bos: used kd :t 2.5 x 105 s-l. 90F518 
pH = 11.5 

MeOH 1.5 x 107 CP/A'c-23 S = A' = Rub; used kd = 1.4 x lOs S-I, kA' = 5 x 
107 L mol-l S-I; 0.01 mol L-I KOH. 

90F518 

4.157 Phenoxide ion, 4-chloro· 

C6HsCOCH31 6x 107 295 CP/A'c-23 S = A' = Rub; used kd = 3 X 104
8-1; kA' not 93F328 

MeOH (50:50) given; 0.01 mol L-l KOH. 

C6H&MeOH 3 x 107 295 CP/A'c-23 S = A':: Rub; used ~ = 3.8 X 104 s-l; kA' not 93F328 
(80;20) given; 0.01 mol L-1 KOH. 

C6H~MeOH 3 x 107 (kr) 295 CP/Ac.A/c-17 S = Rub; A' = DMA; used kr A' = 1.2 X 107 L 93F328 
(80:20) mol-1 s-l; 0.01 mol L-1 KOH. 

H2O 8.0)i.108 295 CP/Oc-15 S:: Eos:; us:ed k,j = 25 x lOS s-I 93F328 

pH= 11 

H2O 1.0 X 108 (k.:) 295 CP/Oc-17 S = Bos; A':: Met; used kr A' = 2.0 X 107 L mol-1 93F328 
pH: 11 -1 

S • 

H2O 1.9 X 108 (kr) 300 MPI Ac,A' c-17 S = RB; A' = FFA; used kc A' = 1.2 X 108 L mol-1 91F300 
s-l; calcd. from pH dependence and pKa• 

H2O 3.1 x 107 (kr) CP/Oc""I7 S = RB; A' = His; used kf' :: 8.8 X 107 L mol-1 90F518 

pH = 11.5 S-I. 

H2O 4x 108 CP/Ac,Oc-14 S = Eos; used kd = 2.5 x lOS 8-1. 90F518 

pH = 11.5 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

~~"~~q~ 

~; Solvent k ~ (kd1k) . T Method Comment Ref. 
(L mol-1 s-l) (mol L-I) (K) 

.f.'i'~~~,,:;:-; 

j~.t1 Pbenoxide ion, 4-chloro- - Continued 

MeOH 3.3 x 107 CP/A'c-23 S = A' = Rub; used kd = 1.4 X 105 s-I, kg = 5 x 
107 Lmorl S-I; 0.01 mol L-1 KOH. 

90F518 

£,l. Phenoxide ion, 4.cyano. 

HiO 6.2 x 106 (Ier) 300 MPI Ac,A' c-17 S = RB; A' = FFA; used Ier A' = 1.2 X 108 L mol-1 91F300 
s-l; calcd. from pH dependence and pKa• 

'ii' Phenoxide ion, 2,4-dichloro. 

C6He' MeOH 5.7 x 107 CP/A'c-23 S = A' = Rub; kd and kA, not given; 6 x 10-3 mol 88F650 
(60:40) L-I KOH;. 

C6Hq'MeOH 4 . .5 x 106 (kr) CPt Ac,A'c-11 S = :Bos; A' = DMA; used Ie,: A' = 4.8 X 107 L ~~.I:'65U 

(60:40) mol-I s-l; meas. kc/Ier= 11.5; 6 x 10-3 mol L-I 

KOH. 

H2O 1.7 x 108 (k,.) 300 MP/Ac,A'c-17 S = RB; A' = FFA; used kr
A' = 1.2 X 108 L mol-1 

s-l; calcd. from pH dependence and pKa• 
9lF300 

H2O 1.2 x 108 (k,.) 292 MPI Ac,A' c-17 S = RB; A' = FFA; used k/' = 1:2 X 108 L mo)-l 87A180 
s-l; calcd. over the range pH = 5.5 to 9.6. 

H2O 3.1 x 109 CP/AC-14 S = RB; used kd = 5 x lOs S-I. 87F537 
pH= 10 

H2O 2.1 X 109 CPI AC,Oc-14 S = Bos; used kd = 5 X 105 S-I. 87F537 
pH=lO 

H2O 1.1 x 108 (Ier) CP/Oc-17 S = Bos; A' = Met; used Ier A' = 5 X 106 L mo)-1 87F537 
pH= 10 2.0 x 109 (kq) s-I; used kA = 2.1 X 109 L morl s-I. 

.t;l60 rhenoxide ion, 2,6-dichloro. 

C6HUMeOH 3.7 x 106 (kr) CPI AC,A' c-17 S = Bos; A' = DMA; used kr A' = 4.8 X 107 L 88F650 
(60:40) mol-1 s-l; meas. kq/1er= 14.5; 6 x 10-3 mol L:"'1 

KOH. 

C6HUMeOH 5.4 x 107 CP/A'c-23 S = A' = Rub; kd and kA, not given; 6 x 10-3 mol 88F650 
(60:40) L-I KOH. 

H2O 1 x 109 CP/Ac-14 S =Bos; used kd = 5 X 105 S-I. 87F537 
pH=10 

H2O 2x 109 CP/Ac-14 S = RB; used kd = 5 X 105 s-I. 87F537 
pH=lO 

H2O 1.5 x 109 CP/Oc-14 S = Bos: used kd = 5 X 105 s-I. ~7F537 

pH= 10 

H2O 5.7 X 107 (kr) CP/Oc-17 S = Bos; A' = Met; used kr A' = 5 X 106 L mol-1 87F537 
pH= 10 1.4 x 109 (kq) s-l; used kA = 1.5 X 109 L mol-1 s-I. 

... 161 Phenoxide ion, 2,6-dimethoxy· 

H2O 8.6 x 108 (Ier) 300 MP/Ac,A'c-17 S = RB; A' = FFA; used Ier A' = 1.2 X 108 L morl 91F300 
s-l; calcd. from pH dependence and pKa• 

"~"l Phenoxide ion, 2,6-dimethyl· 

CH3CNIMeOH 2x 108 CP/A'c-16 S = A' = Rub; used kd = 3 X 105 S-I; 0.01 mol L-1 94F095 
KOH. 

H2O 2.8 x 109 CP/Ac-14 S = Bos; used kd = 2.5 X 105 s-I. 94F095 
pH= 11 

H2O 2.0 x 108 (Ier) CPI AC,A' c-17 S = RB; A' = His; used kr A' = 8.8 X 107 L mol-I 94F095 
pH= 11 -I s . 

MeOHlC6H6 3 x 107 CP/A'c-16 S = A' = Rub; used kd = 1 X 105 s-l; 0.01 mol L-I 94F095 
(60:40) KOH. 

MeOHlC6H6 1.2 x 107 (Ier) CPI Ac,A' c-17 S = RB; A' = DMA; used Ier A' = 1.2 X 107 L mol-I 94F095 
(60:40) s-l; 0.01 mol L-I KOH. 

I ft ...... _ "' ... __ "_ ...... _ ... _ "_I ft ••• _ '" ... ft.,....,.-
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(L mol-I s-l) (mol L-I) (K) 

4.163 Phenoxide ion, 4-(1,1-dimethylethyl)-

H2O 3.6 x 108 (kr) 300 MPI Ac,A' c-17 S = RB; A' = FFA; used kr A' = 1.2 x 108 L mol-l 91F300 
S-I; calcd. from pH dependence and pKa. 

4.164 ynenoxide ion, 2,4-dinitro-

H2O 4 x lOs (kr) 300 MP/ AC,A' c-17 S = RB; A' = FFA; used kr A' = 1.2 X 108 L morl 91F300 
s-I; pKa of2,4-dinitrophenol = 4.07. 

4.165 Phenoxide ion, 4-ftuoro-

C6H6/MeOH 2.0x 108 295 CP/A'c-23 S = A' = Rub; used kd = 3.8 X 104 s-I; kA, not 93F328 
(80:20) given; 0.01 mol L -I KOH. 

C6H6" MeOH 5.7 x 107 (Icr) 295 CPt Ac,A'c-17 S = Rub; A' = DMA; used krA' = 1.2 X 107 L 93F328 
(80:20) mol-I s-I; 0.01 mol L-1 KOH. 

H2O 2.5 x 109 295 CP/Oc-15 S = Eos; used kd = 2.5 x lOs s-I. 93F328 
pH= 11 

H2O 3.5 X 108 (kr) 295 CP/Oc-17 S = Eos; A' = Met; used k/' = 2.0 x 107 L morl 93F328 
pH= 11 -1 s . 

4.166 Phenmride ion, 2-(2-hydroxyphenyl)- (2.2' -Dihydroxyhiphenyl. conjugate ha.~e) 

D20 1.2 X 108 PULd-2 S=RB. 93E536 
pD = 11.8 

EtOH 7 x 106 (kr) CP/Oc,A' c-17 S = RB; A' = DMA; used k/ = 4.4 X 107 L morl 

s-l; 7.5 x 10-3 mol L-1 KOH. 
93E536 

EtOH 1.1 x 108 PULd-2 S = RB; 7.5 x 10-3 mol L-1 KOH. 93E536 

EtOH 9.4 x 107 PULd-2 S = RB; 7.5 x 10-3 mol L-1 KOH. 93E536 

H2O 2.2 x 107 (kr) CP/Oc-17 S = RB; A' = Met; used kr A' = 2 X 107 L mol-I 93E536 
pH=l1 -I s . 

4.167 Phenoxide ion, 5-hydroxy-2-phenyl- (2,5-Dihydroxybiphenyl, conjugate base) 

EtOH 9.9 x 107 PULd-2 S = RB; 7.5 X 10-3 mol L-I KOH. 93E536 

4.168 Phenoxide ion, 4-iodo-

C()H(/MeOH 1.4 x 107 295 CP/A'c-23 S = A' = Rub; used kd = 3.& x 104 s-I; kA , not 93F32& 
(80:20) given; 0.01 mol L -J KOH. 

C6HdMeOH 1.0 x 107 (kr) 295 CPI Ac,A' c-17 S = Rub; A' = DMA; used trA' = 1.2 x 107 L 93F328 
(80:20) morl s-I; 0.01 mol L-I KOH. 

H2O 8 x 107 (kr) 295 CP/Oc-17 S = Eos; A' = Met; used k/' = 2.0 x 107 L mol-I 93F328 

pH= 11 -I s . 

H2O 1.0 X 109 295 CP/Oc-15 S = Eos; used kd = 2.5 x lOs s-I. 93F328 

pH= 11 

4.169 Phenoxide ion, 2-metboxy-

H2O 4.4 x 108 (kr) 300 MP/Ac,A'c-17 S = RB; A' = FFA; used kr A' = 1.2 X 108 L morl 91F300 
S-I; calcd. from pH dependence and pKa. 

4.170 Pbenoxide ion, 3-methoxy-

H2O 2.9 x 108 (kr) 300 MP/Ac,A'c-17 S = RB; A' = FFA; used k/' = 1.2 X 108 L morl 91F300 
8-1; calcd. from pH dependence and pKa. 

4.171 Phenoxide ion, 4-metboxy-

H2O 6.7 x 108 (kr ) 300 MPI AC,A' c-17 S = RB; A' = FFA; used kr
A' = 1.2 X 108 L mol-1 91F300 

S-l; calcd. from pH dependence and pKa. 

4.172 Pbenoxide ion, 4-methyl-

H2O 3.5 x 108 (kr) 300 MP/ Ac,A' c-17 S = RB; A' = FFA; used kr A' = 1.2 X 108 L mol-I 91F300 
s-1; calcd. from pH dependence and pKa' 

H2O 3.7 x 108 (kr) 292 MPI Ac,A' c-17 S = RB; A' = FFA; used kr A' = 1.2 X 108 L morl 87A180 
s-l; caIcd. over the range pH = 8.3 to 11.5. 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

Solvent k 11 (kik) T Method Comment Ref. 
(L mol-I s-l) (mol L-1) (K) 

Phenoxide ion, 2-methyl-4,6-dinitro-

H2O 1.3 x 105 (kr) 300 MP/ Ac,A' c-17 S = RB; A' = FFA; used "-c A' = 1.2 X 108 L mol-I 

s-l; pKa of2-methyl-4,6-dinitrophenol = 4.7. 
91F300 

Pheooxide ion, 4-methyl-2,6-dinitro-

H2O 1.4 x 107 (kr) 300 MP/ Ac,A' c-17 S = RB; A' = FFA; used kr A' = 1.2 X 108 L morl 91F300 
s-l; pKa of 4-methyl-2,6-dinitrophenol = 4.23. 

Pheooxide ion, 4-methyl-2-nitro-

CH3CN/H2O 6 x 107 (kr) CPI Ac,A' c-17 S = RB; A' = 9-Anthracenemethanol; "-c A' not 92N330 
(90:10) given; 0.01 mol L-1 KOH. 

CH3CN/HzO 3.4 x 108 PULd-2 S - RB; 0.01 mol L-1 KOH. 92N330 

(90:10) 

C6HeMeOH 2.9x 107 (kr) CPI Ac,A' c-17 S RB; A' = DMA; "-c A' not given; 0.01 mol L-1 92N330 
(60:40) KOH. 

C6HdMeOH 4.5 x 107 PULd-2 S = RB; 0.01 mol L-1 KOH. 92N330 
(60:40) 

H2O 2.8 x 107 (kr) CP/Oc-17 S = RB; A' = His; used "-cA' = 8.8 X 107 Lmorl 90F518 
pH ... 10 s-l. 94P095 

H2O 4.3 x 109 CP/Ac,Oc-14 S = Bos; used kd = 2.5 X 105 s-l. 90F518 
pH=lO 94F095 

MeOH/C6H6 2.9 x 107 <kr) CP/ Ac,A' c-17 S = RB; A' = DMA; used k r
A' = 1.2 X 107 L morl 94F095 

(60:40) S-I; 0.01 mol L-1 KOH. 

MeOH/C6~ 4.5 x 107 CP/A'c-23 S = A' = Rub; used kd = 1 X 105 s-l, kA,=5 X 107 90F518 
(60:40) Lmol-I s-l; 0.01 mol L-1 KOH; cor. for 94F095 

quenching of singlet rubrene by A. 

Pheooxide ioo, 2-nitro-

. CH3CN/H2O 3.3 x 107 PULd-2 S = RB; 0.01 mol L -I KOH . 92N330 
(90:10) 

CH3CN/H2O 5.8 x 106 (kr) CPt Ac,A' c-17 S = RB; A' = 9-Anthracenemethanol; kr A' not 92N330 
(90:10) given; 0.01 mol L -I KOH. 

C6HdMeOH 3.2 x 106 (kr) CPt Ac,A' c-17 S = RB; A' = DMA; krA' not given; 0.01 mol L-1 92N330 
(60:40) KOH. 

C6HdMeOH 3.1 x 106 PULd-2 S = RB; 0.01 mol L -1 KOH. 92N330 
(60:40) 

H2O 3.4 x107 (kr) 300 MP/Ac,A'c-17 S = RB; A' = FFA; used "-c A' = 1.2 X 108 L mol-I 
s-l; calcd. from pH dependence and pKa. 

91F300 

H2O 1.5 x 109 CPt Ac,Oc-14 S = Bos; used kd = 2.5 X 105 S-I. 90F518 
pH-lO 94F09j 

H2O 1.6 x 107 (kr) CP/Oc-17 S = RB; A' = His; used kr A' = 8.8 X 107 L mori 90F518 
pH= 10 -1 94F095 s . 

MeOHlC6~ 3 x 106 (k,.) CPI Ac,A' c-17 S = RB; A' = DMA; used 1crA' .... 1.2 x 107 L mor1 94F095 
(60:40) S-I; 0.01 mol L-1 KOH. 

MeOHlC6H6 3.0x 106 CP/A'c-23 S = A' = Rub; used kd = 1 x 105 s-I, kA' = 5 X 107 90F518 
(60:40) L mol-I s-l; 0.01 mol L-1 KOH; cor. for 

quenching of singlet rubrene by A. 

Pheooxide ioo, 3-nitro-

H2O 6.1 x 107 (kr) 300 MP/ Ac,A' c-17 S = RB; A' = FFA; used k/' = 1.2 x 108 L mol-I 91F300 
S-I; calcd. from pH dependence and pKa. 

H2O 1.0 x 107 (kr) CP/Oc-17 S = RB; A' = His; used "-c A' = 8.8 X 107 L mol-1 90F518 
pH=lO -I s . 

H2O 2.0 X 109 CPt Ac,Oc-14 S = Eos; used kd = 2.5 x 105 s-l. 90F518 
pH=10 

.1 Dh"... (,hG"" Daf· n~+~ \/",,1 'lA 1\1"" 'l 1 QQI;. i 
! i 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

No. Solvent k ~(kik) T Method Comment Ref. 
(L mol-1 S-I) (mol L-1) (K) 

4.177 Phenoxide ion, 3·nitro- - Continued 

MeOHlC6~ 9.0 x 106 CP/A'c-23 S = A' = Rub; used kd = 1 x lOs s-l, kA' = 5 X 107 90F518 
(60:40) L mol-1 8-1; 0.01 mol L-1 KOH; cor. for 

"IuclichilJ¥ uf lSiu¥lcl l"ubn:m;: by A. 

4.178 Phenoxide ion, 4·nitro-

H2O 5.1 x 106 (kr) 300 MPI AC,A' c-17 S = RB; A' = FFA; used k,; A' = 1.2x 108 L morl 91F300 
S1; caled. from pH dependence and pKa. 

H2O 6x 108 CP/Ac,Oc-14 S = Eos; used kd = 2.5 x lOs 8-
1• 90F518 

pH=lO 

H2O 3 x 106 (kr) CP/Oc-17 . S = RB; A' = His; used kt = 8.8 x 107 L mol-I 90F518 
pH= 10 8-1. 

H2O 3 X 106 (kr) 292 MPI Ac,A' c-17 S = RB; A' = FFA; used k/' = 1.2 X 108 L mor1 87A180 
pH=8.8 s-l; pKa of2-nitrophenol = 7.2. 

MeOHlC6~ <103 CP/A'c-23 S = A' = Rub; used kd = 1 x lOs 8-1, kA' = 5 x 107 90F518 
(60:40) L mol-I S~I; 0.01 mol L -1 KOH; cor. for 

quenching of singlet rubrene by A. 

4.179 Phenoxide ion, pentachloro-

H2O 9.4 x 107 (kr) 300 MPI Ac,A' c-17 S = RB; A' = FFA; used k/' = 1.2 X 108 L morl 91F300 
8-1; ealcd. from pH dependence and pKa• 

4.180 Phenoxide ion, 2-pheny)- (2-Hydroxybiphenyl, conjugate base) 

D20 PULd-2 S=RB. 93E536 
pD=9.0 2 x 107 

pD = 10.0 1.& X 107 

pD = 11.8 2.3 x 108 

EtOH 2.2 x 108 PULd-2 S = RB; 7.5 x 10-3 mol L -1 KOH. 93E536 

EtOH 4.3 x lO7 (kr) CP/Oc,A' c-17 S = RB; A' = DMA; used k,;A' =4.4 x 107 Lmol-t 

S-I; 7.5 x lO-3 mol L -1 KOH. 
93E536 

H2O CP/Oc-17 S = RB; A' = Met; used krA' = 2 X 107 L moI-1 93E536 
pH =8.0 3.2 x 105 (kr) -1 s . 
pH =9.0 3.2 x 106 (k,;) 
pH = 10.0 5.9 X 106 (k,;) 
pH= II 4.4 x lO7 (kr) 

4.181 Phenoxide ion,4-phenyl- (4-Hydroxybiphenyl, conjugate base) 

C6H~MeOH 1 x lO7 (kr) 295 cPt AC,A' c-17 S = Rub; A' = DMA; used k,; A' = 1.2 X 107 L 93F328 
(80:20) mol- l s-l; 0.01 mol L-1 KOH. 

C6~MeOH 4x 107 295 CP/A/e-23 S = A' = Rub; used kd = 3.8 X 104 8-1; kA, not 93F328 
(80:20) given; 0.01 mol L -1 KOH. 

D20 7.8 x 107 PULd-2 S=RB. 93E536 

pD= 11.8 

DzO 8 x 107 295 CP/Oc-15 S = Eos:; us:ed k\l = 2.5 x 105 £-1. Q3F3?8 

pD = 11.8 

EtOH 1.3 x 108 PULd-2 S = RB; 7.5 x lO-3 mol L -1 KOH. 93E536 

H2O 3.8 x 107 (k,.) CP/Oc-17 S ::: RB; A' = Met; used k/' ::: 2 X 107 L morl 93E536 

pH= 11 8-1. 

H2O 4 X lO7 (kr) 295 CP/Oc-17 S = Eos; A' = Met; used k/ ::: 2.0 X 107 L morl 93F328 

pH::: 11 8-1. 

4.182 Phenoxide ion, 2,4,6-tricbJoro-

C6HrlMeOH 4.0 x 106 (kr) CPt Ae,A' c-17 S ::: Bos; A' ::: DMA; used k/ = 4.8 X 107 L 88F650 

(60:40) mol-1 S-I; meas. kq1kr=4.5; 6 x lO-3 mol L-l 

KOH. 

C6HrlMeOH 2.2 x 107 CPtA'c-23 S = A' ::: Rub; kd and kA' not given; 6 x lO-3 mol 88F650 

(60:40) L- l KOH. 
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TABLE 4. Rate constants for interaction' of singlet oxygen with phenols and naphthols. - Continued 

P (kd1k) 
(mol L-l ) 

T Method 
(K) 

Comment 
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Ref. 

~tf.~?-;~,~-;-g---------------------------------------------
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~l .... enoxide ion, 2,4,6-trichloro- - Continued 

lhO 1. 7 x 108 (kr) 300 MPI Ac,A' c-17 S = RB; A' = FFA; used krA' = 1.2 X 108 Lmorl 91F300 
s-l; calcd. from pH dependence and pKa• 

H2O 1.2 X 108 (kr) 292 MP/Ac,A' c-17 S = RB; A' = FFA; used krA' = 1.2 X 108 L morl 87A180 
S-I; caled. over the range pH = 4.2 to 9.0. 

H2O 6x 108 CP/Ac-14 S = Eos; used kd = 5 x lOs s-I. 87F537 
pH= 10 

H2O 4x 108 CP/Ac-14 S = RB; used kd = 5 x lOs s-I. 87F537 
pH=1O 

H2O 7.0x 108 CP/0c-14 S =Eos; used kd = 5 x lOs s-I. 87F537 
pH= 10 

H2O 5.9 x 107 (kr) 
pH=lO 6.4 x 108 (kq) 

CP/Oc-17 S = Eos; A' = Met; used krA' = 5 X 106 L mol-1 87F537 
s-l; used kA = 7.0 X 108 L morl s-l. 

'., .. PhenylaIAnine, 3,4-dihydroory- (DOPA) 

D20 2.2 x 107 PULd-2 S=MB. 91R251 

D20 3 x 107 6x 10-4 296 CP/Oc-15 S = HP; used kd = 1.8 X 104 S-I. 84F075 
,:pD=7.6 

H2O 9x 108 5.6x 10-4 CP/Ac-15 S = MB; used kd = 5 X 105 s-l. 79F314 

MeOHlH2O 1.2 x 10-3 293 CP/Ac-15 S=NAZ. 79F315 
(58:42) 

MeOHlH2O 1.3 x 10-3 CP/Ac-15 S = 5,8-DMOP. 81R052 
(58:42) 

MeOHlH2O 1.1 x 10-3 CP/Ac-15 S=5-MOP. 81 R052 
(58:42) 

MeOHlH2O 1.3 x 10-3 . CP/Ac-15 S=Pso. 81 R052 
(58:42) 

'deOHlH2O 1.3 x 10-3 CP/Ac-15 S=TMPs. 81R052 
,58:42) 

'deOHlH2O 1 x 10-3 CP/Ac-15 S=8-MOP. 79F314 
58:42) 

MeOHlH2O 1.2 x 10-3 CP/Ac-15 S=MB. 79F314 
(58:42) 

: ~l" 1,2' -Spirobi[1-benzopyran]-6,6' -diol, 7,7' -bis(I,1-dimethylethyl).;.3,3',4,4' -tetrahydro-4,4,4',4 '-tetramethyl-

MeOH 9.2 x 107 CP/A'c-16 S = MB; A' = DPBF; used kd = 1.8 X 105 s-l. 91F516 

MeOH 2.2 x 107 (kr) CP/Ac,A/c-17 S = MB; A' = DPBF; used kr A' = 8 X 108 L morl 91F516 
8-1. 

MeOH 9.8 X 107 1.8 x 10-' CP/A'c-16 S = RB; A' = DPBF; used kd = 1.8 x lOS s-l. 88F440 

*<t.IJ 2.2' -Spirobi[1-benzopyran]-6,6' -diol, 3,3',4,4' -tetrabydro-4,4,4' ,4',7,7' -bexamethyl-

t.N 

.ttl" 

MeOH 1.2 x 108 CP/A'c-16 S=MB:A'=DPBF:usedkd =L8x105 !::-I_ 91F516 

MeOH 3.1 x 107 (kr) 

MeOH 9.2 x 107 

Tyramine 

D201 EtOH (75:25) 5 x 106 

H2O 2.8 X 108 

pH= 10 2.4 x 108 (kr) 

Tyrosine 

D20 8 x 106 (kr) 
pD = 8.4 

2.0 x 10-3 

CP/Ac,A'c-17 S = MB; A' = DPBF; used kr A' = 8 X 108 L mol-1 91F516 
s-l. 

CP/A'c-16 S = RB; A' = DPBF; used kd = 1.8 x lOs S-I. 88F440 

295 PULd-2 

298 CP/Ac-? 

293 CUAd-35 

S=RB. 94A113 

S = MB; A' = N3-; k and kc by computer fit of rate 777489 
parameters to experimental cjlox versus [A] . 

used kd = 2.9 X 104 S-I; high pressure O2 (0.195 79A112 
mol L -1); statistical error of 30% and systematic 
error of the same order. 

I D ..... LO ,... ........... D ..... n ..... \'_1 "/1 ~I_ ., >4ftft~ 
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TABLE 4. Rate constants for interaction of singlet oxygen with phenols and naphthols. - Continued 

No. Solvent k ~ (kik) T Method Comment Ref. 
(Lmorl S-I) . (mol L- l) (K) 

4.187 Tyrosine - Continued 

D201 EtOH (75:25) -2 X 106 295 PULd-2 S=RB. 94A113 

EtOHlCH3CN 6.2 X 106 PULd-2 S=ZnTPP. 91A252 
(80:20) 

EtOHlCH3CN 3.1 X 106 (kr) CP/Ac,A'c- S = ZnTPP; A' = DMA; used k = 5.3 X 104 8-1; 91A252 
(80:20) 14,28 used kA = 6.2 X 106 L morl s-1, 

EtOHlCH3CN 5.5 X 106 PULd-2 S = ZnTPP; 0.01 mol L-1 HCl. 91A252 
(80:20) 

EtOHlCH3CN <5 x 104 (kr) CP/Ac,A/c- S = ZnTPP; A' = DMA; used kd = 5.3 X 104 s-I, 91A252 
(80:20) 14,28 kA, = 3 X 107 L mol-l s-l; used kA = 5.5 X 106 L 

mol-I S-I; 0.01 mol L -I HCI. 

EtOHlCH3CN 1.8 x 108 PI..JLd-2 S = ZnTPP; 0.01 mol L -1 KOH. 91A252 
(80:20) 

EtOHlCH3CN 3 x 107 (kr) CP/Ac,A'c- S = ZnTPP; A' = DMA; used k = 5.3 X 104 S-I; 91A252 
(80:20) 14,28 used kA = 1.8 X 108 L morl s-1; 0.01 mol L-1 

KOH. 

H2O 3.8 x 107 (kr) CP/Oc-17 S = RB; A' = Met; used krA' = 2 X 107 Lmol-1 91A252 
pH=10 -1 

!t . 

H2O 5.2 X 107 (kr) CP/Oc-17 S = Eos; A' = Met; used!r./' = 2 X 107 L mol-1 91A252 
pH= 11.5 -I s . 

H2O 0.017 283 CP/Oc-15 S MB; The mechanism of oxidation is not 65F029 
pH=7.0 clear. 

4.188 L-Tyrosine, N-acetyl-, ethyl ester 

0 201 EtOH (75:25) 8 x 106 295 PULd-2 S=RB. 94AI13 

4.189 Tyrosine, glycyl-

D201 EtOH (75:25) 1.1 x 107 295 PULd-2 S=RB. 94Al13 

BtOH/ CH3CN 3.:'5 x 106 PULd-2 S=ZnTPP. 91AZ52 

(80:20) 

EtOHlCH3CN 3 x 105 (kr) CP/Ac,A/c- S = ZnTPP; A' = DMA; used kd = 5.3 X 104
8-1; 91A252 

(80:20) 14,28 used kA = 3.5 X 106 L marl s-l. 

BtOHlCH3CN 9.4 x 107 PULd-2 S = ZnTPP; 0.01 mol L-1 KOH. 91A252 

(80:20) 

BtOHlCH3CN 2.7 x 106 (kr) CP/Ac,A'c· S = ZnTPP; A' = OMA; used ky = 5.3 X 104
8-

1
; 91A252 

(80:20) 14,28 used kA = 9.4 X 107 L mOrl s- ; 0.01 mol L-1 

KOH. 

EtOHlCH3CN 5.5 x 106 PULd-2 S = ZnTPP; 0.01 mol L-1 HeI. 91A252 

(80:20) 

EtOHlCH3CN <5 x 104 (kr) CP/Ac,A'c· S = ZnTPP; A' = DMA; used kd = 5.3 X 104 
s-I; 91A252 

(80:20) 14,28 used kA = 5.5 X 106 L mol-1 S-I; 0.01 mol L-1 

HCI. 

H2O 1.4 x 107 (kr) CP/Uc-17 S = RB; A' = Met; used k/~ = 2 X 10' L mol-1 91A252 

pH=lO 
-I s . 

H2O 1.9 X 107 (kr) CP/Oc·17 S = Bas; A' = Met; used kr A' = 2 X 107 L mol-1 91A252 

pH = 11.5 s-l. 

4.190 Tyrosine, methyl ester 

D201 EtOH (75:25) 5 x 106 295 PULd-2 S=RB. 94A113 
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TABLE 5. Rate constants for interaction of singlet oxygen with furans, pyrans and other heterocyclic oxygen compounds. 

Solvent T Method Comment 
(K) 
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Ref. 

$¥~'--------------------------------------------------------------------------------------------

if Angelicin 

CCl4 6.5 X 103 MPILI-12 S = TPP; used kd = 39 S-I. 

BeDZo[1,2-b:4,3-b']dipyran, 1,2,3,8,9,lO-hexahydro-3,3,5,6,8,S-hexamethyl-

EtOH 2.8 x 108 308 CRlA'c-16 A' = DPBF; used kd = 8.3 X 104 s-l; 102* from 
MNP02• 

~i btozo[1,2-b:4,5-b']dipyran, 2,3,4,7 ,8,9-hexahydro-2,2,5,7,7 ,10-hexamethyl-

-,' 

U 

.i' 

.~)O 

'IJU 

I~n 

-j.)3 

,f.14 

EtOH 3.4 x 108 308 CRlA'c-16 A' = DPBF; used kd = 8.3 X 104 s-l; 102* from 
MNP02• 

J ;.Beozopyran, 3,4-dihydro-6-methoxy-2,5,7 ,8-tetramethyl-2-( 4,8,12-trimethyltridecyl)- ( (X-Tocopherol methyl ether) 

CH031 EtOH 9.4 x 105 (kr) 310 CRlAc-31 < used kd = 1 X 105 s-l; 102* from NDP02. 

(50:50) 

1 ~Benzopyran, 6.ethoxy.3.4.dihydro.2,5,7 ,8.tetramethyl.2.( 4.8,12.trimethyltridecyl). (0:-Tocopherol ethyl ether) 

CHC131 EtOH 1.6 x 105 (kr) 310 CRlAc-31 used kd = 1 X 105 s-l; 102* from NDP02• 

(50:50) 

Coumarin, 7.(diethylsunino)-

C61it; 9 X 105 

Coumarin, 7-( diethylamino )-4-methyl-

C6H6 9x 105 

Cyclopenta[b ][l]benzopyran, 2-phenyl-

C6H6 7.8 X 105 0.054 

2·Furaldehyde 

CH2Cl2 5.1 x 104 

EtOH 

MeOH 8.4 x 104 (~) 1.7 (~r) 

MeOH 0.080 

MeOH 0.60 

2.Furaldehyde, S·(2-hydroxyethoxy)methyl. 

EtOH 

l-Furaldebyde, ~-(bydroxymethyl)-

EtOH 

;"-Furaldehyde,S-(methoxymethyI)-

EtOH 

2-Furaldehyde, S-methyl-

CH2Cl2 5.3 x 105 

EtOH 

MeOH 1.7 x 106 (kr) 0.084 (~r) 

Foran 

C6HsCH3 1.1 x 107 

CPtA'c-33 

CP/A'c-33 

CP/Ac-15 

CPtA'c-33 

293 CP/Oc-17 

286 CP/Oc-14 

CPtA'c-16 

293 CP/Oc-15 

293 CP/Oc-17 

293 CP/Oc-17 

293 CP/Oc-17 

CP/A'c-33 

293 CP/Oc-17 

286 CP/Oc-14 

PRlA'd-5 

S = A' = Rub; used kd = 3.7 X 104 s-l; kA, not 
given. 

S = A' = Rub; used kd = 3.7 X 104 s-l; kA, not 
given. 

S = A; used kd = 4.2 X 104 s-l. 

S = A' = Rub; used kd = 1 X 104 s-I, kA, = 3.3 x 
107 Lmorl s-I. 

S = RB; A' = FFA; meas. k/kc A' = 0.22. 

S = RB or TPP; used kd = 1.4 X 105 s-l. 

S = MB; A' = DPBF. 

S = RB; Ea = 21 kJ mol-I. 

S = RB; A' = FFA; meas. k/k/ = 0.43. 

S = RB; A' = FFA; meas. k/k/' = 0.38. 

S = RB; A' = FFA; meas' k/~A' = 0.35. 

S = A' = Rub; used kd = 1 X 104 s-l, kA, = 3.3 x 
107 L mol-1 S-I. 

S = RB; A' = ITA; meas. ~k/: = 0.59. 

S = RB or TPP; used kd = 1.4 x 105 s-I. 

S = Np; A' = DPBF; tJl* = 0 kJ morl; £\.S:f: = 
-118 J K- l mor l ; studied at 223-353 K. 

CH20 2 1.4 X 107 CP/A'c-16 S = MPDME; A' = DPBF; used kd = 1 X 104 S-I. 

CH2C12 1.2 X 107 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 s-\ kA, = 3.3 x 
107 Lmol-1 S-I. 

-- - - - --

83E813 

91F285 

91F285 

90A184 

90A184 

87F569 

87F569 

78F438 

84F477 

86F510 

85F145 

72F510 

68F288 

86F510 

86F51O 

86F51O 

84F477 

86F51O 

85F145 

79AI06 

84F477 

84F477 
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TABLE 5. Rate constants for interaction of singlet oxygen with furans, pyrans and other heterocyclic oxygen compounds. - Continued 

No. Solvent k Jl (kik) T Method Comment Ref. 
(Lmor! s-l) (mol L-l) (K) 

5.14 Furan - Continued 

EtOH 293 CP/Oc-17 S = RB; A' = FFA; meas. k/k/ = 1. 86F51O 

MCH 298 PllA'd-8 S = An: A' = DPBF: dvt = -17 cm3 marl: 92A014 
studied at 0.1-400 MPa. 

MeOH 8.9 x 106 (kr) 0.016 <Jlr) 286 CP/Oc-14 S = RB or TPP; used kd = 1.4 X 106 s-l. 85F145 

MeOH 2.6 x 10-3 CP/A'c-16 S = MB; A' = DPBF. 72F51O 

MeOH 4.5 x 10-3 293 CP/Oc-lS S = RB; Ea = 0.84 kJ mol-I. 68F288 

S.lS Furan,2-acetyl. 

MeOH 0.022 CP/A/c-16 S = MB; A' = DPBF. 72F510 

5.16 Furan,2,5-bis(4-bromophenyl)· 

CH2C12 2.S x 107 CP/A/c-33 S = A' = Rub; used kd = 1 X 104 S-I, kA' = 3.3 x 
107 Lmol-1 S-I. 

84F477 

5.17 Furan,2,5-bis(4-chlorophenyl)-

C6HSCH3 5.8 x 107 PRlA'd-5 S = Np; A' = DPBF; MIt. = 0 kJ mOrl; dSt. = 79AI06 
-10.5 J K~ 1 marl; studied at 223-3.53 K. 

CH2C12 2.9 X 107 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 s-l, kA' = 3.3 x 84F477 
107 L mol-1 s-l. 

5.18 Furan, 2,5-bis(hydroxymethyl)- (BMHF) 

EtOH 293 CP/Oc-17 S = RB; A' = FFA; meas. k./k./'"' = 1.2. 86F51 0 

H2O 4.0 x 10-3 CP/Ac-15 S=RB. 92N305 
pH=7 

5.19 Furan, 2,5.bis(4-methoxyphenyl)-

CH2C12 9.9 x 107 CP/A'c-33 S = A' = Rub; used "-d = 1 X 104 s-l, kA' = 3.3 x 84F477 
107 L mol-I 8-1• 

5.20 Foran,2,5-bis(4-methylphenyl)-

CH2CI2 7.0 x 107 CP/A/c-33 S = A' = Rub; used kd = 1 X 104 8-1, kA' = 3.3 x 
107 L mol-l 8-1• 

84F477 

5.21 Furan, 2-bromo-

CH2Ch 6.7 x 105 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 8-1, kA
, = 3.3 x 84F477 

107 L mol-1 S-I. 

5.22 Foran,2-(4.bromophenyl)-

CH2C12 1.0 x 107 CP/A/c-33 S = A' = Rub; used kd = 1 X 104 s-l, kA'= 3.3 x 
107 L mol-1 s-l. 

84F477 

5.23 Furan, 3-( 4-bromophenyl)-

MeOH 4.4 x 10-3 CP/A/c-16 S = MB; A' = DPBF. 72F51O 

5.24 Foran,2-tert-butyl-

CH2C12 6.1 x 107 CP/A/c-33 S = A' = Rub; used kd = 1 X 104
8-

1
, kA' = 3.3 x 

107 L mol-1 s-l. 

84F477 

CH2C12 6.4x 107 CP/A/c-16 S = MPDME; A' = DPBF; used kd = 1 X 104 
s-1. 84F477 

5.25 Furan,2-(4-chlorophenyl)-

I-BuOR 3.4 x lO-j (Jlr) 298 CPI Ac,A' c-17 S = RB; A' = DPF; used ~rA' = 9.5 X 10-4 mol 717398 

L-1; meas. Jl/IJl/,(MeOH) = 3.58. 

tert-BuOH 0.035 (~r) 298 CPI Ac,A' c-17 S = RB; A' = DPF; used Jl/' = 9.5 x 10-4 mol 717398 

L-1; meas. ~/I~/(MeOH) = 36.8, 

CH2CI2 1.0 x 107 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 
s-l, kA' = 3.3 x 84F477 

107 Lmorl s-I, 

MeOH 2.9 x 10-3 CP/A'c-16 S = MB; A' = DPBF. 72F510 



RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION 781 

TABLE 5. Rate constants for interaction of singlet oxygen with furans,pyrans and other heterocyclic oxygen compounds. - Continued 

:~:¥~~ 

'~, Solvent k ~(kik) T Method Comment Ref. 
(L mol-I s-I) (mol L-l) (K) 

. :~ri=.-:5;";''?· . 

'i~U Juran, 2-(4-chlorophenyl)- - Continued 

MeOH 2.7 x 10-3 (~r) 298 CPI Ac,A' c-17 S = RB; A' = DPF; used ~/' = 9.5 x 10-4 mol 717398 
L-l. 

'~,J' Furan, 2-(4~cyanophenyl)-

CH2Cl2 4x 106 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 
S-I, kt>:= 3.3 x 84F477 

107 L mol-l s-I. 

JJ1 Furan, 2,5-dibromo-

CH2Cl2 2.0 x 106 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 s-I, kt>: = 3.3 x 84F477 
107 L mol- l s-I. 

jJj .Ji'uran, 2,s-m-{i,1-dimethylethyl)-

C6HsCH3 2.3 x 108 PRlA/d-5 S = Np; A' = DPBF; MI* = 0 kJ mol-I; LiS; = 79AI06 
-94.1 J K-1 morl ; studied at 223-353 K. 

CH2C12 l.~ X lOll CP/A'c-16 S = MPDME; A' :;; DPBF; w>t:u kd :;; 1 x 104 
s-I • 84F477 

CH2Cl2 9.4 x 107 CP/A/c-33 S = A' = Rub; used kd = 1 X 104
8-

1
, kA' = 3.3 x 84F477 

107Lmorl s- l . 

'J~" Furan, 2,3-dibydro-

C614 2.1 x 106 <Icr) 0.020 <Pr) 286 CP/Oc-29 S = RB or TPP; A' = 2,5-DMF; used kd = 4.2 x 91F163 
104 s-l; meas. kq/1cr= :S;0.1; 32% [2+2] 
cycloaddition. 

CC14 1.6 x 106 (Icr) 9.2 x 10-4 <Pr) 286 CP/0c-29 S = TPP; A' = 2,5-DMF; used kd = 1.4 X 103 s-l; 91F163 
·meas. kqllcr = ~0.1; 24% [2+2] cycloaddition. 

CH2Cl2 3.2 x 106 (Icr) 3.0 x 10-3 <Pr) 286 CP/Oc-29 S = TPP; A' = 2,5-DMF; used kd = 9.3 X 105 s-l; 91F163 
meas. kql kr = ~ 0.1; 74% [2+2] cycloaddition. 

CH3CN 4.7 x 106 (Icr) 7.1 x 10-3 <Pr) 286 CP/Oc-29 S = RB; A' = 2,5-DMF; used kd = 3.3 X 104 s-l; 91F163 
meas. kqlkr= ~ 0.1; 70% [2+2] cycloaddition. 

CH3COCH3 2.8 x 106 <kr) 0.014 (~r) 286 CP/Oc-29 S = RB; A' = 2,5-DMF; used kd = 3.8 X 104 s-l; 91F163 
meas. kqlkr = ~ 0.1; 71 % [2+2] cycloaddition. 

CHCl3 1.0 x 106 (kr) 3.9 x 10-3 <Pr) 286 CPlOc-29 S = TPP; A' = 2,5-DMF; used kd = 4.0 X 103 S-I; 91F163 
meas. kqlkr = ~ 0.1; 73% [2+2] cycloaddition. 

MeOH 2.5 x 106 (kr) 0.058 (~r) 286 CP/0c-29 S = RB; A' = 2,5-DMF; used kd = 1.4 X 105 s-l; 91F163 
meas. kq/1cr = ~ 0.1. 

.j,,1Q Foran, 2,3-dibydro-4,5-dimetbyI-

MeOH 1.1 x 108 (kr) 286 CP/Oc-29 S = RB; A' = 2.5-DMF; used kd = 1.4 X 105 s-l; 91F163 
meas. kql kr = ~ 0.1; 80% [2+2] cycloaddition. 

,~,. .Fnran, l.-~-tlihytlrn-~-methyl .. 

C6l4 1.5 x 107 (kr) 2.9 x 10-3 (Pr) 286 CP/Oc-29 S = RB or TPP; A' = 2.5-DMF; used kd = 4.2 x 91F163 
104s-1; meas. k/kr=~O.l; 52% [2+2] . 
cycloaddition. 

CH3CN 3.4 x 107 (kr) 9.7 x 10-4 <Pr) 286 CP/Oc-29 S = RB; A' = 2,5-DMF; used kd = 3.3 X 104 8-1
; 91F163 

meas. k/Icr = ~ 0.1; 85% [2+2] cyc1oaddition; 

CH3COCH3 2.8 x 107 (kr) 1.4 x 10-3 (~r) 286 CP/Oc-29 S = RB; A' = 2,5-DMF; used kd = 3.8 X 104 s-l; 91F163 
meas. kq/kr = ~ 0.1; 78% [2+2} cycloaddition. 

MeOH 1.4 x 107 (kr) 0.010 <Pr) 286 CP/Oc-29 S = RB; A' = 2,5-DMF; used kd = 1.4 X 105 s-I; 91F163 
meas. kq/kr = ~ 0.1. 

~.3l Foran, 2-(dimetboxymetbyl)-5-(metboxymethyl)-

EtOH 293 CP/Oc-17 S = RB; A' = FFA; meas.lcrlkr A' = 1.0. 86F51O 

~.33 Foran, 2,4-dimethyl .. 

MeOH 2.0 x 10-3 293 CP/Oc-15 S = RB; Ea = 6.3 kJ mol-I. 68F288 
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TABLE 5. Rate constants for interaction of singlet oxygen with furans, pyrans and other heterocyclic oxygen compounds. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(L mol-I S-I) (mol L -1) (K) 

5.34 Furan, 2,s-dimethyl. (2,s-DMF) 

C6HSCH3 6.3 x 108 PRlA'd-5 S = Np; A' :::: DPBF; MI; :::: 0 kJ mol-I; 6.S; = 79AI06 
-84.5 J K-1 mol-I; studied at 223-353 K. 

CH2C12 2.6x lOR CP/A'c-16 S = MPDME; A' = DPBF; Ul)cl1 kd = 1 x 104 
l)-1. 84F477 

CH2Cl2 1.3 x 108 CP/A'c-33 S = A' :::: Rub; used kd = 1 X 104 s-l, kp.: = 3.3 x 84F477 
10' Lmol-1 S-I. 

CH3COCH3 2.1 x 108 1.8 x 10-4 CP/Oc-? S ..., MB; used kd "" 3.8 x 104 £-1. 7SF652 

EtOH 293 CP/Oc-17 S = RB; A' = FFA; meas. k/k/' = 1.3. 86F510 

EtOH 2.6 x 108 CP/Oc-20 S = BXP; Q :::: DABCO; used kd = 8.3 X 104 S-I, 

kQ = 1.3 X 107 L mol-1 S-I; soln. contg. TEMPO. 
83F323 

EtOH 3.8 x 108 2.2 X 10-4 298 CP/Ac-15 S = MB; used kd = 8.3 X 104 s-l. 78F061 

EtOH 1.5 x 10-4 CP/Ac-J5 S=MB. 78F201 

EtOH 1.6 x 10-4 CP/Ac-15 S=Ret. 78F201 

EtOH 3.3 x 10-3 273 CP/Oc-20 S = MB; A' = 1-Cyclohexylamino-4- 72F518 
phenylaminobenzene. 

H2O 8.2 x 108 (kr) 292 MPI Ac,A' c-17 S = RB; A' = FFA; used k/': = 1.2 x 108 L mol-1 87A180 
pH=7.0 8-1• 

H2O 1.1 X 109 PUP'a-16 S = Ery; A' = TMPD; used kd = 3.3 X 105 S-l; P' 82A080 
= [TMPDr+. 

H2O 3.3 x 10-4 (Pr> CP/Ac-14 S = N-[:5-Hydroxy-8-[[2-(methylsulfonyl)-4- 79F412 
nitrophenyl1azo ]-1-
naphthalenyl-l,3-benzenedisulfonamide, 
conjugate base. 

H2O 5.5 x 10-4 298 CRlOc-15 102* from H20 2/NaOCl. 78A227 

H2O 1.6 x 109 3.2 X 10-4 298 CP/Ac-15 S = MB; used kd = 5.0 X 105 S-I. 78F061 

H2O 1.6 x 109 3.1 X 10-4 298 CPtAc-15 S = MB; used kd = 5.0 X 105 S-I. 747044 

MeOH 1.8 x 108 (kr) 286 CP/Oc-14 S = RB; used kd = 1.4 X 105 s-l. 91F163 

MeOH 3.8 x 108 PUTh-3 S=Ery. 83A050 

MeOH 9 x 107 PUTb-3 S = CH3COCOCH3. 80E606 

MeOH 3.9 x 108 2.8 X 10-4 298 CP/Ac-15 S = MB; used kd = 1.1 X 105 S-I. 78F061 

MeOH 1.4 x 108 1.0 X 10-3 CP/Oc-? S = RB; used kd = 1.4 X 105 s-l. 75F652 

MeOH 4x 108 PUA'd-5 S = MB; A' = DPBF. 727260 

MeOH 2.8 x 10-4 CP/A'c-16 S MB; A' = DPBF. 72F51 0 
717398 

MeOH -2 x 10-4 293 CP/Oc-15 S = RB; Ea = 4.2 kJ mol-I. 68F288 

MeOHl tert-BuOH 1.6 x 10-4 CP/A/c-16 S = RB; A' = DPBF. 717398 
(50:50) 

MeOHI tert-BuOH CPt Ac,A' c-17 S = RB; A' = TME; meas. k/k/' = 2.4. 68F292 
(50:50) 

MeOHl tert-BuOH CRlAc,A'c-17 A' = TME; meas. k/krA' = 1.5; 102* from 68F292 

(50:50) H20 2/Ca(OC1h· 
MeOHI tert-BuOH CRI Ac,A' c-17 N = TME; meas. k/k,. A' = 5.2; 102* from 68F292 
(50:50) H20 2/NaOCI. 

5.35 Furan, 2-[ (l,l-dimethylethoxy )methyl]-

EtOH 7.9':1 CP/Oc-17 S = RB: A' = FFA: meas. k/k~p.: = 1.0. 86F510 

5.36 Foran, 2-[2-(1,3-dioxolanyl)-

EtOH 293 CP/Oc-17 S = RB; A' = FFA; meas. k/k/' = 0.94. 86F510 

5.37 F\lran, 2,3-diphenyl-

C6HsCH3 6.2 x 107 PRlA'd-5 S = Np; A' = DPBF; Mit. = 0 kJ mor1
; ~S* = 79AI06 

-104 J K-1 mol-I; studied at 223-353 K. 
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TABLE 5. Rate constants for interaction of singlet oxygen with furans, pyrans and other heterocyclic oxygen compounds. - Continued 

'~~,,,,,, 

~, Solvent k ~(kik) T Method Comment Ref. 
(L mol-l S-I) (mol L-l ) (K) 

~r-~-:.~~ 

~ Furan, 2,5-diphenyl-

I-BuOH 5.0x 107 1.0 X 10-3 CP/A'c-16 S = MB; A' = DPBF; used ~ = 5.2 X 104 S-I; 74F646 
Solvent contained 1 % MeOH. 

I-BuOH 9.8 x 10-4 <Pr) 298 CP/Ac-17 S = RB; meas. ~/~r(MeOH) = 1.03, used 
~r<MeOH) = 9.5 x 10-4 mol L-1. 

717398 

tert-BuOH 3.6 x 107 8.3 X 10-4 CP/A'c-16 S = MB; A' = DPBF; used kd = 3.0 X 104 s-l; 74F646 
Solvent contained 1 % MeOH. 

tert-BuOH 8.0 x 10-4 (Pr) 298 CP/Ac-17 S = RB; meas. ~/~r(MeOH) = 0.842, used 
pr<MeOH) = 9.5 x 10-4 mol L -I. 

717398 

CsHsN 6.1 x 107 9.9 X 10-4 CP/A'c-16 S = MB; A' = DPBF; used kd = 6.0 X 104 s-I ; 74F646 
Solvent contained 1 % McOH. 

c-C6HllOH 5.3 x 107 1.2 x 10-3 CP/A'c-16 S = MB; A' = DPBF; used kd = 6.2 X 104 s-l; 74F646 
Solvent contained 1 % MeOH. 

C6H SCH3 1.0 x 108 PRlA'd-5 S = Np: A' = OPBF: 1lHt. = 0 kJ mnl-1; A.~* = 79Al06 
-100 J K-1 morl

; studied at 223-353 K. 

C6HsC02CH3 4.1 X 107 6.1 X 10-4 CP/A'c-16 S = MB; A' = OPBF; used kd: 2.5 X 104 s-l; 74F646 
Solvent contained 1 % MeOH. 

CH2Cl2 7.0 x 107 CP/A'c-16 S = MPOME; A' = OPBF; used kd = 1 X 104 S-l. 84F477 

CH2C12 5.2x 107 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 S-I, kA, = 3.3 x 84F477 
107 L morl s-l. 

CH2Cl2 5.1 X 107 1.4 X 10-4 CP/A'c-16 S=MB;A'=DPBF;usedkd =7.1 x 103 s-1• 74F646 

CH3CN 3.7 x 108 8.3 X lO-s 293 CPIPa-18 S = MB; A' = OPBF; used kd = 3 X 104 
S-I, PA' = 87F440 

1.3 x lO-s mol L-l ; P= 2.5-0iphenylfuran 
endoperoxide. 

CH3CN 1.4 x 108 1.3 X 10-4 CP/A'c-16 S = MB; A' : DPBF; used kd = 1.8 X 104 s-l. 74F646 

CH3C02C2Hs 3.0x 107 6.9 X 10-4 CP/A'c-16 S = MB; A' = OPBF; used kd = 2.1 X 104 s-l. 74F646 

CH3COCH3 1.4 x 108 1.7 X 10-4 CP/A'c-16 S = MB; A' = DPBF; used kd : 2.4 X 104 s-l. 74F646 

CHC13 2.2 x 107 2.0x 10-4 CP/A'c-16 S : MB; A' = OPBF; used kd : 4.4 X 103 s-l. 74F646 

0 20 7.7 X 10-5 (Pr) 296 CP/Ac-17 S = MB; meas. P/Pr<H20) = 0.115, used Pr<H2O) 74R214 
= 4.6 x 10-4 mol L-l. 

0 20 1.2 X 10-4 (Pr) 296 CP/Ac-17 S = MB; meas. P/Pr(H20) = 0.182, used ~r(H20) 74R214 
pO= 7.1 =4.6 x 10-4 mol L-l. 

0 20 1.4 X 10-4 (Pr) 296 CP/Ac-17 S = MB; meas. ~/~r<H20) = 0.206, used ~r(H20) 74R214 
pD =0 7.1 = 4.6 x 10-4 mol L -1. Solvent contains 960 J.lM 

H20 2• 

0 20 1.1 X 10-4 (~r) 296 CP/Ac-17 S = MB; meas. ~/Pr<H20): 0.165. used ~r<H20) 74R214 
pO: 7.1 = 4.6 X 10-4 mol L -1. 1 J.lllml of catalase present 

in reaction medium. 

H2O 4.6 x 10-4 (Pr> CP/Ac-17 S = RB; meas. P/Pr<MeOH) = 0.481, used 
Pr(MeOH) : 9.5 X 10-4 mol L -1. 

717398 

HOCH2CH2OH 3.!I x 10-4 (Pr) CP/Ac-17 S = RB; meas. P/Pr<,MeOH) = 0.366, used 717398 
Pr(MeOH) = 9.5 X 10-4 mol L -1. 

MeOH 1.0 x 108 8.8 X 10-4 CP/A'c-16 S = MB; A' = DPBF; used kd = 9.0 X 104 s-l. 74F646 

MeOH 4.6 x 107 PUA'd-8 S = RB; A' = OPBF. 737014 

MeOH -5 x 105 (kr> CP/Ac-14 S = RB; used kd = 1.4 X 105 s-l; used CIlisc{RB) = 73F660 
0.76. 

MeOH 9.5 x 10-4 298 CP/A'c-16 S = RB; A' = OPBF. 717398 

MeOHlH2O 4.2 x 10-4 CPr) CP/Ac-17 S = RB; meas. P/Pr<MeOH» = 0.439, used 717398 
(12:88) ~r<MeOH) = 9.5 x 10-4 mol L-l ; solve~t mixt. in 

mole%. 

MeOHlH2O 4.2 x 10-4 (~r) CP/Ac-17 S = RB; meas. P/~r(MeOH) = 0.446, used 717398 
(40:60) Pr(MeOH) = 9.5 X 10-4 mol L-l ; solvent mixt. in 

mole%. 
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TABLE 5. Rate constants for interaction of singlet oxygen with furans, pyrans and other heterocyclic oxygen compounds. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(LmOrI 8-1) (mol L -I) (K) 

5.38 Foran,2,s.diphenyl- - Continued 

MeOHlH2O S.9 x 10-4 (~r) CP/Ac-17 S::: RB; meas. ~/~r(MeOH)::: 0.621, used 717398 
(66:34) ~r(MeOH)::: 9.S X 10-4 mol L -I; solvent mixt. in 

mole%. 

MeOHlH2O 7.7 x 10-4 (~r) CP/Ac-17 S = RB; meas. ~/~r(MeOH) = 0.806, used 717398 
(81:19) ~r(MeOH)::: 9.5 X 10-4 mol L -1; solvent mixture 

in mole%. 

MeOHl 5.5 x 10-4 (~r) CP/Ac-17 S = RB; meas. ~/~r(MeOH) = 0.578, used 717398 
HOCH2CH2OH ~r(MeOH) ::: 9.5 X 10-4 mol L -1. 

(75:25) 

MeOHl 3.4 x 10-4 (~r) CP/Ac-17 S = RB; meas. ~/~r(MeOH) = 0.355, used 717398 
HOCH2CH2OH ~r(MeOH) ::: 9.5 X 10-4 mol L -1. 

(50:50) 

MeOHl 2.6 x 10-4 (~r) CP/Ac-17 S = RB; meas. ~/~r(MeOH) = 0.278, used 717398 
HOCH2CH2OH ~r(MeOH) = 9.5 x 10-4 mol L -1. 

(25:75) 

2-PrOH 4.8 x 107 1.0 X 10-3 CP/A'c-16 S = MB; A' = DPBF; used kd::: 5.0 X 104 s-l; 74F646 
Solvent contained 1 % MeOH. 

THF 7.5 x 107 5.9 X 10-4 CP/A'c-16 S = RB; A'::: DPBF; used kd::: 4.3 X 104 S-I. 74F646 

dioxane 2.7 x 107 1.1 X 10-3 CP/A'c-16 S ::: RB; A' = DPBF; used kd ::: 2.9 X 104 S-I. 74F646 

5.39 FUran, 3,4-diphcnyl-

MeOH 1.7 x 10-3 CP/A'c-16 S = RB or MB; A' = OPBF. 72F51 0 

5.40 Foran,2.[(4.ethoxycarbonyI)phenyl] 

CH2C12 7 x 106 CP/A'c-33 S = A' :::Rub; used kd = 1 X 104 S-I, kA, = 3.3 x 84F477 
101 L mol-1 s-l. 

5.41 FUran,3-(4-ftuorophenyl)-

MeOH 3.4 x 10-3 CP/A'c-16 S = MB; A' = OPBF. 72F510 

5.42 Foran, 2.methoxy. 

CHzClz 1.6 x 108 CP/A'c-16 S = MPDME: A' = DPBF: o~ed k", = 1 ')( 104 !;-l R4F477 

CHzCl2 1.2 x 108 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 
S-I, kA, = 3.3 x 84F477 

107 L mol-1 S-I. 

MeOH 1.6 x 108 (k,) 9.2 x 10-4 (~r) 286 CP/Oc-14 S = RB or TPP; used kd = 1.4 X 105 8-1• 85F145 

MeOH 4.0x 10-4 CP/A'c-16 S = MB; A' = DPBF. 72F510 

5.43 Furaot 2-(methoxymethyl). 

MeOH 3.4 x 10-3 293 CP/Oc-lS S ::: RB; Ea = 5.0 kJ mol-I. 68F288 

5.44 Furan,2-(4.methoxyphenyl)-

i-BuOH 1.9 x 10-3 (~r) CPI Ac,A' c-l7 S = RB or MB; A' = OPF; used ~/' = 9.5 x 10-4 72F510 
mol L -I; meas. ~/I~/'(MeOH) = 2.0. 

CH2Ct2 3.7 X 107 CP/A'c-33 S = A' = Rub; used kd = 1 X 104
8-

1
, kA' = 3.3 x 84F477 

107 L mol-1 S-I. 

H2O 5.9 x 10-4 (~r) CP/Ac,A'c-17 S "'" MB or RB; A' .... DPF; used 13/' 9.5 x 10-4 7'2F5W 

mol L -1; meas. ~/I~/'(MeOH) = 0.618. 

HOCH2CH2OH 3.4 x 10-4 (~r) CP/Ac,A'c-17 S = MB or RB; A' = OPF; used ~/' = 9.5 x 10-4 72FSI0 
mol L -I; meas. ~/I~/' (MeOH) = 0.36. 

MeOH CPI Ac.A' c-17 S = MB or RB; A'::: DPF; meas. k/k/' = 0.92. 72F51O 

5.45 Furan, 3-(4.methoxyphenyl)-

MeOH 1.9 x 10-3 CP/A'c-16 S = MB; A' = OPBF. 72F510 

5.46 Furan, 2-methyl-

I-BuOH 1.2 x 10-3 296 CP/A'c-16 S = MB; A' = OPBF. 717398 
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TABLE 5. Rate constants for interaction of singlet oxygen with furans, pyrans and other heterocyclic oxygen compounds. - Continued 

~l<t:-:,-

No: Solvent k P (kik) T Method Comment Ref. 
(Lmorl S-I) (mol L-I) (K) 

_M 
Furan, 2-methyl- - Continued 

ten-BuOH 6.9 x 10-4 296 CP/A'c-16 S = MB; A' = DPBF. 717398 

C6HsCV 2-PrOH 1.3 x 108 273 CRlLI-12 used kd = 4.1 X 104 S-I; 102* from hydrotrioxide, 90M125 
(90:10) e.g. (CH3hC(OH)OOOH. 

CH2C12 6.2 x 107 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 5-1, kA, = 3.3 x 
107 L mol-I S-I. 

84F477 

CH2Cl2 8.4 X 107 CP/A'c-16 S = MPDME; A' = OPBF; used ~ = 1 X 104 s-I . 84F477 

EtCH 293 CP/Oc-17 S = RB; N = FFA; meas. k/k/' = 1.2. 86F51O 

H2O 6.0 x 107 CP/Oc-19 S=HP; Q=N3-; used ~=2x 108 Lmorl 5-1. 78A278 
pH=7.0 

H20 (mic) 1.0 x 108 CP/Oc-19 S = Chl a; Q = N3-; used ~= 2 x 108 Lmorl 78A278 
pH =7.0 5-1; 1,2, or 5% Triton X-IOO. 

H20 (mic) 7.0x 107 CP/Oc-19 S = HP; Q = N3-; used ~ = 2 X 108 L mol-I 5-1; 78A278 
pH=7.0 1% 1nton X-lUO. 

MeOH 9.9 x 107 (ke) 1.4 x 10-3 (Pr) 286 CP/0c:..14 S = RB or TPP; used kd = 1.4 X 105 S-I. 85Fl45 

MeOH 1.1 x 10-3 296 CP/A'c-16 S = MB; A' = DPBF. 72F510 
717398 

MeOH 3.8 x 10-3 293 CP/Oc-15 S = RB; Ea = 1.7 kJ mol-I. 68F288 

~.7 Furan, 2-( 4-metbylpbenyl)-

CH2C12 2.4 X 107 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 S-I, kA' = 3.3 x 84F477 
107 Lmo)-I 5-1. 

MeOH CPI Ac,A' c-17 S = MB or RB; A' = DPF; meas. keller A' = 0.68. 72F51O 

lAS Furan, 3-(4-metbylpbenyl)-

MeOH 2.4 x 10-3 CP/A'c-16 S = RB or MB; A' = DPBF. 72F51O 

'A9 Furan, 2-(4-nitropbenyl)-

CH20 2 2.4 x 107 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 s-I, kA' = 3.3 x 84F477 
107 Lmol-I 5-1. 

,.SO Foran,2-pbenyl-

I-BuOH 2.0 x 10-3 (Pr) 298 CPI Ac,A' c-17 S = RB; A' = OPF; used p/, = 9.5 x 10-4 mol 717398 
L-I; meas. PrA/p/'(MeOH) = 2.1. 

tert-BuOH 3.4 x 10-3 (Br) 298 CPI Ac.A'c-I7 S = RB; A' = DPF; used ~/' = 9.5 )( 10-4 mol 717398 
L-I; meas.p/lp/'(MeOH) = 3.58. 

CH2Cl2 1.8 x 107 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 S-I, kA, = 3.3 x 84F477 
to7 Lmorl s-I. 

MeUH 1.7 x 10-' 298 CPI Ac,A' c-17 S = MB or RB; A' = DPF; used PA' = 9.5 X 10-4 72F51O 
molL-I. 717398 

'.51 Furan, 3-pbenyl-

MeOH 2.8 x to-3 CP/A'c-16 S = MB; A' = OPBF. 72F510 

J.!2 Furan, tetrapbenyl-

C6HsCH3 2.8 x 108 PRlA'd-5 S = Np; A' = DPBF; Ml; = 0 kJ mol-I; AS; = 79AI06 
-91.2 J K-I morl; studied at 223-353 K. 

C6HsClI 2-PrOH 3.6 x 108 273 CRlLI-12 used kd = 4.1 X 104 s-l; 102* from hydrotrioxide, 90M125 
(90:10) e.g. (CH3hC(0H)OOOH. 

MeOH -0.030 293 CP/Oc-15 S = RB; Ea =4.2 kJ mol-I. 68F288 

~.s3 Furan, 2-vinyl-

MeOH 1.8 x 10-3 293 CPlOc-15 S = RB; Ea = 3.8 kJ mol-I. 68F288 

S.!4 2-Furancarboxylic acid 

MeOH 0.012 CP/A'c-16 S = MB; A' = OPBF. 72F510 
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TABLE 5. Rate constants for interaction of singlet oxygen with furans, pyrans and other heterocyclic oxygen compounds. - Continued 

No. Solvent k ~ (kik) T Method Comment Ref. 
(L mol-1 s-l) (mol L-1) (K) 

5.55 2-Furancarboxylic acid, 5-bromo-, ethyl ester 

CH2CI2 1.5 x 104 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 s-1, kA' = 3.3 x 
107 L mol-I s-I. 

84F477 

5.56 2-Furancarboxylic acid, ethyl ester 

CH2CI2 1.3 x 105 CP/A/c-33 S = A' = Rub; used kd = 1 X 104 s-1, kA' = 3.3 x 84F477 
107 L mol-1 s-l. 

5.57 2-Furancarboxylic acid, methyl ester 

CH2C12 8.S x 104 CP/A'c-33 S = AI = Rub; used kd = 1 X 104 s-l, kA, = 3.3 x 84F477 
107 L mol-1 s-l. 

5.58 3-Furancarboxylic acid, 4,5-dihydro-2-methyl-, methyl ester 

C6H6 2.0 X 105 (kr) 0.21 (~r) 286 CP/Oc-29 S = RB or TPP; A' = 2,S-DMF; used kd = 4.2 x 
104 s-l; meas. kqlkr = ~ 0.1; 4% [2+2] 

91F163 

cycloaddition. 

CCI4 2.0 x 105 (kr) 7.2 x 10-3 (Pr) 286 CP/Oc-29 S = TPP; A' = 2,S-DMF; used kd = 1.4 X 103 s-l; 91F163 
meas. kq!kr = ~ 0.1; 3% [2+2] cycloaddition. 

CH2CI2 2.4 x 105 (kr) 0.041 (Pr) 286 CP/Oc-29 S = TPP; A' = 2,5-DMF; used kd = 9.5 X 103 S-I; 91F163 
rneas. kqlkr = S; 0.1; 32% [2+2] cycloaddition. 

CH3CN 8.8 x 105 (kr) 0.038 (~r) 286 CP/Oc-29 S = RB; A' = 2,5-DMF; used kd = 3.3 X 104 s-l; 91F163 
meas. k~/kr "" s: 0.1; 44% [2+2] cyc1oaddition. 

CH3COCH3 6.1 X 105 (kr) 0.063 (~r) 286 CP/Oc-29 S = RB; A' = 2,5-DMF; used kd = 3.8 X 104 s-l; 91F163 
meas. kg! kr = S; 0.1; 39% [2+2] cycloaddition. 

CHC13 7.0 X 104 (kr) 0.057 (Pr) 286 CP/Oc-29 S = TPP; A' = 2,5-DMF; used kd = 4.0 X 103 S-I; 91F163 
meas. kqlkr = ~ 0.1; 36% [2+2] cycloaddition. 

MeOH 7.3 X 105 (kr) 0.19 (~r) 286 CP/Oc-29 S = RB; A' = 2,5-DMF; used kd = 1.4 X 105 s-l; 91F163 
meas. kq/kr = ~ 0.1; 29% [2+2J cycloaddition. 

5.59 2,5-Furandicarboxaldehyde 

CH2CI2 2.4 x 106 CP/A/c~33 S = A' = Rub; used kd = 1 X 104 S-I, kA, = 3.3 x 
107 L morl S-I. 

84F477 

5.60 2,5-Furandicarboxylic acid, diethyl ester 

CH2C12 4.5 x 104 CP/A'c-33 S = A' = Rub; used kd = 1 X 104 S-l, kA' = 3.3 x 
107 L mOrl 8-1• 

84F477 

5.61 2,5-Furandicarboxylic acid, dimethyl ester 

CH2Clz 2.0 x 104 CP/A'c~33 S = A' = Rub; used kd = 1 X 104 S-l, kA,= 3.3 x 
107 L mol-1 S-I. 

84F477 

5.62 3,4-Furandicarboxylic acid, diethyl ester 

MeOH -0.20 293 CP/Oc-15 S = RB; Ea = 12.6 kJ morl. 68F288 

5.63 2-Furanitrile 

CH2Cl2 1.1 x 104 CP/A'c-33 S = A' = Rub; used kd = 1 X 104
8-1, kA,= 3.3 x 84F477 

107 L mol-1 S-I. 

5.64 2·Furanitrile,5-methyl-

CH2C12 1.5 x 105 CP/A'c~33 S = A' = Rub; used kd = 1 X 104 S-l, kA, = 3.3 x 
107 L rnol-1 S-l. 

84F477 

5.65 2·Furanmethanamine, N-methyl-

MeOH 0.013 293 CP/Oc~15 S = RB; Ea = 4.2 kJ mOrl, 68F288 

5.66 2.Furanmethanediol, diaceate 

C6HsCl/ 2-PrOH 2.3 x 106 273 CRlLI-12 used kd = 4.1 X 104 s-l; 102* from hydrotrioxide, 90M125 

(90:10) e.g. (CH3)zC(OH)OOOH. 
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TABLE 5. Rate constants for interaction of singlet oxygen with furans, pyrans and other heterocyclic oxyge'ncompounds. - Continued 

'~ 

,3~, Solvent k P (kik) T Method Comment Ref. 
(L mol-l s-l) (mol L-l) (K) 

:~* ; 

'.'" 
2.Furanmethanol, a,a-diphenyl-

MeOH 9.9 x 106 9.2 x 10-3 298 CP/A'c-16 S = RB; A' = DPBF; used kd = 9.0 X 104 s-l. 72F519 

J,Mt 2-Furanmethanol, a-( diphenylmetbyl)-

MeOH 1.1 x 10' 8;Ox 10-3 298 CP/A'c-16 S = RB; A' = DPBF; used kd = 9.0 X 104 s-I. 72F519 

'Uf 2-Furanmethanol, a-methyl-

MeOH LOx 108 8.7 X 10-4 298 CP/A'c-16 S = RB; A' = DPBF; used kd = 9.0 X 104 8-1. 72F519 

IJ'O 2-Furanmetbanol, a-phenyl-

MeOH 5.2 x 106 0.018 298 CP/A'c-16 S = RB; A' = DPBF; used kd = 9.0 X 104 8-1. 72F519 

':71 2.Furanmethanol, a-(2-phenylethyl)-

MeOH 2.5 x 10' 3.6x 10-3 298 CP/A'c-16 S = RB; A' = DPBF; used kd = 9.0 X 104 8-1• 72F519 

".1" 2-Furanmetbanol, a-(pbenylmetbyl)-

MeOH 1.1 x 10' 8.3 X 10-3 298 CP/A'c·16 S = RB; A' = DPBF; used kd = 9.0 X 104 S-I. 72F519 

Ai'/3 ,,2-Furanmethano), a-(3-phenylpropyl)-

MeOH 8.9 x 108 1.0 X 10-4 298 CP/A'c-16 S = RB; A' = DPBF; used kd = 9.0 X 104 S-1. 72F519 

;~.7" 3-Furanmethanol, S-(phenylmetbyl)-

MeOH 3.0 x 10' 298 CP/Oc·15 S = RB; &S:j: = -102.7 J K-I mol-I; Ea = -0 kJ 92F465 
mOrl; studied at 293-308 K; kd not given. 

MeOHlH2O 1.6 x 108 298 CP/Oc-15 S = RB; &S:j: = -87.2 J K-1 mol-I; Ea = -0 kJ 92F465 
(50:5.0) morl; studied at 293·308 K; kd not given. 

~.7! 3-Furanmethanol, S-(phenylmethyl)-, acetate 

MeOH 6.4 x 10' 298 CP/0c-15 S = RB; &S:j: = -96.5 J K-l mol-I; Ea = -0 kJ 92F465 
morl; studied at 293·308 K; kd not given. 

MeOHlH2O 8.2 x 108 298 CP/0c·I5 S = RB; &S:j: = -74.8 J K-1 mol-I; Ea = -0 kJ 92F465 
(50:50) mol-I; studied at 293-308 K; kd not given. 

,,76 3-Furanmethanol, S-(phenylmethyl)-, ester with 2,2-dimethyl-3-(2-methyl-t-propenyl)cyclopropanecarboxylic acid (Bioresmethrin) 

MeOH 5.3 x 10' 298 CP/0c·15 S = RB; &S:j: = ·97.9 J K-I mol-I; Ea = -0 kJ 92F465 
mol-I; studied at 293-308 K; kd not given. 

'.7.7 [2,2](2,5)Furanophane 

MeOH 1.6 x 108 5.5 x 10-4 CP/A'c-16 S = RB; A' = DPBF; used kd = 9.0 X 104 s-I. 72F519 

298 
$.78 Furfuryl alcohol (FFA) 

CD30D 3.0 x 10' (kr) 
<104 (kq) 

295 CP/0c·15.27 S = RB;'used kd = 4.0 x 103 s-I. 91F332 

H2O 1.4 x 108 (kr) 298 CP/Oc·14 S = H2TPPs4-; used kd = 2.5 x lOs s-l; Ea = 22.7 91R053 
kJ mOrl; 10g(A) = 12.1; studied at 288-318 K; 
phosphate buffer contg. 1.6% NaCI. 

H2O 1.2 x 108 (kr) 292 MP/Ac-17 S= RB; reI. to k(FFA) = 1.2 x 108 L mol-I s-I in 87A180 
pH = 10.0, 11.5 H20 at pH = 7.0. 

H2O 3.0x 10-3 295 CP/Oc-14 S = HPD; 0.9% NaCI. 85F332 

H2O 1.2 x 108 2.3 x 10-3 295 CP/Oc-15 S = RB; used kd = 2.5 x 105 s-I. 84F381 

H2O 1.8 x 10-3 310 CP/Oc-14 S=PF. 617008 
pH = 3.0, 8.0 

MeOH 4.7 x 10-3 CP/A'c-16 S = MB; A' = DPBF. 72F51 0 

MeOH 3.3 x 10-3 293 CP/Oc-15 S = RB; Ea = 2.9 kJ mOrl. 68F288 

5:19 Furfurylamine 

MeOH 0.030 CP/A'c-16 S = MB; A' = DPBF. 72F51O 
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TABLE 5. Rate constants for interaction of singlet oxygen with furans, pyrans and other heterocyclic oxygen compounds. - Continued 

No. Solvent k J3 (kd1k) T Method Comment Ref. 
(L mol-1 s-1) (mol L-1) (K) 

5.79 Furfurylamine - Continued 

MeOH 9.0 x 10-3 293 CP/Oc-15 S = RB; Ea = 2.9 kJ mol-I. 68F288 

5.80 Isubeuzufunlll 

MeOH 9.2 X 107 9.8 X 10-4 CP/A'c-16 S = MB; A' = OPBF; used kd = 9.0 X 104 s-1. 72F517 

5.81 Isobenzofuran, 1,3-bis[ 4-(11-carboxynonyl)phenyl]-4,7 -dihydro-5,6-dimethyl-, dianion 

°2°1 H20 (95:5) 3 x 108 (kr) cPt Ac,A' c-17 S=HP;A'=His; usedlerA' =5x 107 Lmo}-l S-1. 82F379 
pH=lO 

H2O 7.1 x 107 (kr) CPI Ac,A' c-17 S = HP; A' = His; used kr A' = 5 X 107 L mol-1 s-l. 82F379 
pH::: 10 

5.82 Isobenzofuran, 5,6-dimethyl-1,3-diphenyl-

MeOH 5.2 x 108 (kr) CP/Ac-14 S = RB; used kd = 1.4 X 105 s-I; used 4lisc(RB) = 73F660 
0.76. 

5.83 Isobenzofuran, l,3-diphenyl- (DPBF) 

C6HsCOCH3 9.0 x 108 293 PUAd-8 S MB. 83AOO6 
83A371 

1-BuOH 8.3 x 108 (kr) CPI Ac,A' c-17 S = MB; A' = OPF; used kr A' = 5.0 x 107 L mol-1 74F646 
S-I; meas. kI'krA'::: 17; Solvent contained 1% 
MeOH. 

I-BuOH 8 x 108 7 x 10-5 CP/Ac-15 S ::: MB; used kd = 5.2 x 104 s-l; Solvent 74F646 
contained 1 % MeOH. 

1-BuOH 8 x 108 PUAd-8 S=MB. 737014 

1-BuOH 7.1 x lO-s (~r) 298 . CP/Ac,A/c-17 S = RB; A' = OPF; used /3/' = 9.5 X 10-4 mol 717398 
L-1; rneas. /3/~/'(MeOH) = 0.075. 

lert-BuOH 6.2 x 108 (kr) CP/Ac,A'c-17 S = MB; A' = OPF; used kr A' = 3.6 X 107 L morl 74F646 
S-I; meas. klkrA' = 11; Solvent contained 1% 
MeOH. 

tert-BuOH 2.3 x 108 1 x 10-4 CP/Ac-15 S::::: MB; used kd = 3.0 x 104 s-l; Solvent 74F646 
contained 1 % MeOH. 

tert-BuOH 5.7 x 108 PUAd·8 S = MB; Solvent contained 1% MeOH. 737014 

terr-BuOH 4.9 x 10-5 (~r) 298 cPt Ac,A' c-17 S::::: RB; A' = OPF; used ~/' = 9.S x 10-4 mol 717398 
L-1; meas. t3/~/'(MeOH) = 0.052. 

Epibromohydrin 7.8 x 10l! PUAd-8 S=MB. 74F646 

Propylene 1 x 109 293 PUAd-S S MB. 87E690 
carbonate 

CsHsN 6.5 x 108 (kr) 9.1 x lO-s (/3r) 298 CP/Ac-14 S = A; used kd = 5.9 x 104 s-I. 84F240 

CsHsN 4.8 x 108 (kr) CP/ Ac,A' c-17 S = RB; A' = OPF; used Icc A' = 6.1 X 107 L morl 74F646 
s-I; meas. klk/' =7.9; Solvent contained 1% 
MeOH. 

CsHsN 5 x 108 PUAd-8 S = RB; Solvent contained 1 % MeOH. 74F646 

CsHsN 2.1 x 109 PUAd-8 S=MB. 737014 

CsHsN CPI Ac.A' c-17 S ::: A' :: Rub; meas. klk/' = 22. 66F041 

c-C6HI1 OH 6.5 x 108 (kr) cPt Ac,A' c-17 S ::: MB; A' = OPF; used k/' = 5.3 x 107 L mol-1 74F646 
s-l; meas. kller K = 12; Solvent contained 1% 
MeOH. 

c-C6HllOH 1 x 108 PUAd-8 S = MB; Solvent contained 1% MeUH. 74F646 

c-C6H1IOH 2 x 108 3 x 10-4 CPtAc-15 S = MB; used kd = 6.3 X 104 S-I; Solvent 74F646 
contained 1 % MeOH. 

c-C6H12 3.4 x 108 PUAd-5 S = 2-ACN; used kd::::: 5.0 X 104 
S-I. 84FOO5 

c-C6H12 5.0 x 108 (kr) 1.2 x 10-4 (/3r) 298 CP/Ac-14 S = A; used kd = 5.9 x 104 S-I. 84F240 

c-C6H12 S.4 x 108 (kr) 1.1 x 10-4 (~r) 298 CP/Ac-14 S = A; used kd = 5.9 X 104
8-

1
• 84P629 
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TABLE 5. Rate constants for interaction of singlet oxygen with furans, pyrans and other heterocyclic oxygen compounds. - Continued 

:;-:(~~''':<''-~ 

.'~, Solvent k ~ (kd/k) T Method Comment Ref. 
(L rnorl S-I) (mol L-1) (K) 

!f~;.:.<O--: 

N~ bobenzofuran, l,3-diphenyl- (DPBF) - Continued 

c~C6H12 4.5 x 108 PUAd-8 S=An. 82A349 

c-C6H12 5.3 x 108 303 CP/Ac-20 S = Py; used kd = 5.9 X 105 s-l. 79N020 

c-C6H12 (mic) 5.3 x 108 PUlb-3 S = Ery; reverse micelles contg. 0.04 mol L-1 83A050 
OAP and 0.1 mol L-1 water. 

c-C6H12 (mic) 5.3 x 108 CP/Ac-14 S = Fl2-; used kd = 5.9 X 104 s-l; OAP reverse 80N021 
micelles. 

n~C6H14 2.6x 108 298 PUAd-8 S = An; aV* = -14 cm3 mor1; studied at 0.1-400 92A014 
MPa. 9OA018 

n-C6Hl4 4.4 x 108 (kr) 1.4 x 10-4 (~r) 298 CP/Ac-14 S = A; used kd = 6.3 X 104 s-1 . 84F240 

n-C6H14 1.2 x 109 CP/Ac-14 S = An; used kd = 3 X 104 s-l. 80E761 

n-C6H14 1.5 x 10-5 CP/Pa-15 S=12· 72F521 

C6HSBr 6x 108 2 x 10-5 CP/Ac-15 S = MB; used kd = 1.3 X 104 s-l; Solvent 74F646 
contained 1 % MeOH. 

C6HSBr 5 x 108 PUAd-8 S = MB; Solvent contained 1% MeOH. 74F646 

C6HSBrl MeOH 7.0x 108 PUAd-8 S=MB. 737014 
(80:20) 

C6HsBrl MeOH 5 x 108 9 X lO-s CP/Ac-15 S = MB; used kd = 4.3 X 104 s-l. 74F646 
(80:20) 

C6HsCH2CH3 6.7 x 108 293 PUAd-8 S=MB. 83AOO6 
83A371 

C6HSCH3 8.9 x 108 PULd-2 S = PPOME; Ml* = -5 (4) kJ mor1; as* = -109 88A427 
(-70) J K-1 morl; Ea = -3 (7) kJ mor1; studied 
at 183-363 K; pre-exciplex-eQuilibrium limit 
(and diffusion limit). 

C6HSCH3 4x lO-s CP/Ac-15 S = Tetr. 84F197 

C6HSCH3 4.3 x 108 (kr) 1.2 x 10-4 (~) 298 CP/Ac-14 S = A; used kd = 5.0 X 104 s-l; 84F240 

C6HSCH3 6.7 x 108 PUAd-8 S=An. 82A349 

C6HsCH3 8.1 x 108 PRlAd-5 S = Np; Ml* = 0 kJ mol-I; dS; = -82.4 J K-1 79AI06 
mor1; studied at 223-353 K. 

C6HsCHOHCH3 1.0 X 109 293 PUAd-8 S=MB. 83AOO6 
83A371 

C6HsC02CH3 2.8 x 108 8.9 x lO-s CP/Ac-15 S = MB; used kd = 2.5 X 104 s-l; Solvent 74F646 
contained 1 % MeOH. 

C6HsC02CH3 4 x 108 PUAd-8 S = MB; Solvent contained 1% MeOH. 74F646 

C6HsCI 7.0x 108 293 PUAd-8 S=MB. 83AOO6 
83A371 

C6HsCll 2-PrOH 7 x 108 273 CR/LI-12 used kd = 4.1 X 104 s-l; 102* from hydrotrioxide, 90M125 
(90:10) e.g. (CH3hC(OH)OOOH. 

<;D6 2.8 x 107 PUAd-5 S=2-ACN. RIA2S' 

C6~ 8.0x 108 PUAd-5 S = 2-ACN; used kd = 4.0 X 104 S-I. 84FOO5 

C6~ 6.0 x lO-s CP/Ac-15 S=HCO. 84F197 

C6~ 7.0 X 108 (kr) 6.0 x lO-s (~r) 298 CP/Ac-14 S = A; used kd = 4.2 X 104 s-l. 84F240 

C6~ 6.7 x 108 PUAd-5 S=2-ACN. 81A287 

C6~ 4.0 x lO-s CP/Ac-15 S=Rub. 78E036 

C6H6 9.4x 108 PRlAd-5 S = Np, An. BP, Benzil. 78E263 

C6~ 7.0 X 108 (kr) 6.0 x lO-s 298 CPI Ac,A' c-17 S = A' = Rub; used kr A' = 4.2 X 107 L mor1 s-l; 747312 
A' meas. klkr = 17. 

~H6 5 X 108 8 x lO-s CP/Ac-15 S = MB; used kd = 3.8 X 104 s-l; Solvent 74F646 
contained 1% MeOH. 

C6~ 4x 108 PUAd-8 S = MB; Solvent contained 1% MeOH. 74F646 
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TABLE 5. Rate constants for interaction of singlet oxygen with furans, pyrans and other heterocyclic oxygen compounds. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(L mo)-l S-I) (mol L-1) (K) 

5.83 lsobenzofuran, l,3-diphenyl. (DPBF) - Continued 

C6H6 6.0 x 10-5 298 CP/Ac-15 S=A. 74F649 

C6H6 6.0 x 10-5 (Pr) 298 CP/Ac,A'c-17 S = A' = Rub; meas. k/k/' = 17; used J3/' = 1.0 x 74F649 
lO-l mol L-1• 

C6H6 2x 109 298 PUAd-8 S=An. 737438 

C6H6/MeOH 2 x 109 2 X 10-5 CP/Ac-15 S = MB; used kd = 3.8 X 104 S-l. 74F646 
(80:20) 

C6HyMeOH 1.0 x 109 (kr) CPI AC,A' c-17 S = MB; A' = DPF; k/' not given. 74F646 
(80:20) 

C6Hy MeOH 9 x 108 PUAd-8 S=MB. 737014 
(80:20) 

CCl3CH2OH 3 x 108 PUAd-8 S = MB; Solvent contained 1 % MeOH. 74F646 

CC14 8 x 108 MP/LI-12 S = PP, Ph a or BPha; used kd = 36 s-1. 79AOlO 

CCl4 8.0 x 108 MP/U-12 S = Ret; used kd = 36 s-l. 79F463 
78F700 

CCl4 1.1 x 108 1.2 X 10-5 298 CP/Ac-lS S = MB; used kd = 1.4 X 103 S-l. 78F061 

CCl4 2.6x lOll PUAd-8 S == MB; Solvent contained 1% MeOH. 74F646 

CCli MeOH (99: 1) 7.3 x 108 298 FP/Ad-5 S=MB. 78E238 

CCli MeOH (98:2) 2.9 x 108 293 PUAd-8 S=MB. 83AOO6 
83A371 

CCli MeOH (98:2) 4.8 x 108 298 FP/Ad-5 S=MB. 78E238 

CCli MeOH (97:3) S.4 x 108 298 FP/Ad-5 S=MB. 78E238 

CCli MeOH (96:4) 5.2 x 108 298 FP/Ad-5 S=MB. 78E238 

CCli MeOH (95:5) 6.0 x 108 298 FP/Ad-5 S=MB. 78E238 

CCIJ MeOH (94:6) 2.5 x 108 PUAd-8 S MB. 74F646 

CCliMeOH 3 x 106 PUAd-8 S=MB. 74F646 
(90:10) 

CCliMeOH 2.6 x 108 PUAd-8 S=MB. 74F646 
(86:14) 

CCliMeOH 2.6 x 108 PUAd-8 S=MB. 74F646 

(83:17) 

CF3CH2OH 1.2 x 108 (kc) CP/Ac,A'c-17 S = MB; A' = DPF; k/' not given. Solvent 74F646 
contained 1 % MeOH. 

CF3CH2OH 2x 108 1 X 10-4 CP/Ac-15 S = MB; used kd = 2.3 X 104 S-I; Solvent 74F646 
contained 1 % MeOH. 

CF3CH2OH 6x 108 PUAd~8 S = MB; Solvent contained 1 % MeOH. 74F646 

CH2C12 1.6 x 109 1.0 x 10-5 298 CP/Ac-1S S = MB; used kd = 1.6 X 104 S-I. 78F061 

CH2C12 1.1 x 109 298 PUAd~5 S ... MB. 78F061 

CH2Cl2 H x IUs PUAd·8 S=MB. 741"'646 

CH2Cl2 6.3 x 108 (kr) CPI Ac,A' c-17 S MB; A' = DPF; used krA' = 8.6 X 107 L morl 74F646 
s-1; meas. klkr A' = 7.3. 

CII2PCII20H 5 x 108 PlJAd-8 S -. MD; Solvent contained 1 % McOIl. 74F646 

CH3CHC12 6.0 x 108 298 PUAd-5 S=MB. 78F061 

CH3CHC12 1.0 x 109 1.5 X 10-5 298 CP/Ac-15 S = MB; used kd = 1.5 X 104 s-1. 78F061 

CH3CN 1.4 x 109 298 PUAd-8 S = An; ~V* =-15 cm3 mol-l; studied at 0.1-400 92A014 

MPa. 90A018 

CH3CN 1.3 x 10-5 293 CP/Ac-14 S=MB. 87F440 

CH3CN 1.1 x 109 PUAd-8 S=An. 82A349 

CH3CN 1.3 x 109 PUAd-5 S=2-ACN. 81A287 

CH3CN 1 x 109 2 X 10-5 CP/Ac-15 S = MB; used kd = 1.8 X 104 s-1. 74F646 
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TABLE 5. Rate constants for interaction of singlet oxygen with furans, pyrans and other heterocyclic oxygen compounds. - Continued 

f~~ 
{-\ Solvent k ~ (kd/k) T Method Comment Ref. 

(L mol-I s-I) (mol L-I) (K) 
~;}~wt."~ 

F!~ bobenzofuran, l,3-dipbenyl- (DPBF) - Continued 

CH3CN 6.6 x 108 PUAd-8 S=MB. 74F646 

CH3CN 1.1 x 109 (Ay) CPI AC,A' c-17 S = MB; A' = DPF; used Ay A' = 2.0 X 108 L mol-I 74F646 
s-I; meas. "lAy A' = 5.6. 

CH3C02~H5 8 x 108 PUAd-8 S=MB. 74F646 

CH3C02~H5 3.5 X 108 (Ay) CPI ACtA' c-17 S = MB; A' = DPF; used Ay A' = 3.0 X 107 L mol-I 74F646 
s-I; meas. "lAy A' = 12. 

CH3COCH3 4.1 x 108 (Ay) 9.4 x 10-5 (~r) 298 CP/Ac-14 S = A; used kd = 3.9 X 104 s-I. 84F240 

CH3COCH3 6.4 x 108 PUAd-8 S=An. 82A349 

CH3COCH3 1.0 x 109 PUAd-5 S=2-ACN. 81A287 

CH3COCH3 5 x 108 5 x 10-5 CP/Ac-15 S = MB; used kd = 2.4 X 104 s-I. 74F646 

CH3COCH3 6x 108 PUAd-8 S=MB. 74F646 

~H=l~OCH3 1.7 x 109 (Ie..) CPI Ac.A' c-17 S = MB: A' = DPF: used Icr A' = 1.8 X 108 L morl 74F646 
s-I; meas. "IAyA' = 9.4. 

CHCl3 4.9 x 108 PUAd-5 S=2-ACN. 81A287 

CHC13 9.0x 108 1.0 x 10-5 298 CP/Ac-15 S = MB; used kd = 9.0 X 103 s-I. 78F061 

CHC13 7.0 x 108 .. 298 PUAd-S S=MB. 78F061 

CHCl3 1.4 x 108 (Ay) CPI AC,A' c-17 S = MB; A' = DPF; used Ie., A' = 4.9 X 107 L morl 74F646 
s-I; meas. "lAy A' = 2.9. 

CHC13 3.6 x 108 PUAd-8 S=MB. 74F646 

CHCl3/MeOH 5x 108 8 x 10-5 CP/Ac-15 S = RB; used kd = 3.9 X 104 s-I. 753071 
(90:10) 

CHCl3/MeOH 5 x 108 (Ay) CP/Ac-14 S = RB; Ay derived using (jIisc(RB) = 0.66 and kA = 753071 
(90:10) 5 x 108 Lmorl s·l. 

CS2 7.5 X 10-6 CP/Ac-15 S=Rub. 84F197 

CS21 MeOH (98:2) 3.0x 108 FP/Ad-5 S=MB. 737334 

Cl2CHCH2OH 5.7 x 108 PUAd-8 S=MB. 74F646 

Cl2CHCHC12 4.4 x 108 298 PUAd-5 S=MB. 78F061 

Cl2CHCHCl2 5.9 x 108 1.4 X 10-5 298 CP/Ac-15 S = MB; used kd = 8.3 X 103 s-l. 78F061 

ClCF2CC12F 9x 108 293 PUAd-lO high pressure 02' 79A113 

CICF2CC12F 5 x 108 (ka 293 CUAd-36 high pressure 02; used ko2 = 2.5 X 103 L mol-1 79A113 
8-1• 

D2O(mic) 1.0 x 109 PUAd-5 S = HYP; BRIJ 35 micelles. 88N343 

D2O(mic) 6.2 x 108 295 PUAd-5 S = 2-ACN; 4.0 x 10-2 mol L-1 DDAB. 82N027 

D20 (mic) 1.0)<. lOll PUAIl-.s S=MB;O.l JUuIL-1 SDS. 8lN048 
pD=7.4 

0 20 (mic) 6.7 x 108 PUAd-5 S = MB; 0.1 mol L -I crAB. 81N048 
pD=7.4 

D2O(mic) 1.3 x 109 293 PUAd-8 S = MB; 0.1 mol L-I SDS. 80N018 

D2O(mic) 6.7 x 108 PUAd-5 S = MB; 0.1 mol L-I crAB. 79N041 

0 20 (mic) 6.3 x 108 PUAd-5 S = 2-ACN; 0.1 mol L-1 Igepal CO-630. 79N041 

D2O(mic) 6.6 x 108 PUAd-5 S = MB; 0.1 mol L-I Igepal CO-660. 79N041 

D2O(mic) 9.8 x 108 PUAd-5 S = 2-ACN; 0.05 mol L-1 sodium laurate. 79N041 

D2O(mic) 6.6 x 108 PUAd-5 S = 2-ACN; 0.1 mol L-I Brij 35. 79N041 

D2O(mic) 1.0 x 109 PUAd-5 S = MB; 0.1 mol L-I SDS. 79N041 

D2O(mic) 1.1 x 109 PUAd-5 S = 2-ACN; 0.1 mol L-I SDS. 79N041 

D2O(mic) 6.5 x 108 PUAd-5 S = 2-ACN; 0.1 mol L-1 Igepal CO-660. 79N041 

D2O(mic) 6.2 x 108 PUAd-5 S = 2-ACN; 0.1 mol L-1 CTAB. 79N041 

DzO(mic) 8.4 x 108 PUAd-5 S = 2-ACN; 0.1 mol L-1 SDS. 78El44 
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TABLE 5. Rate constants for interaction of singlet oxygen with furans, pyrans and other heterocyclic oxygen compounds. - Continued 

No. Solvent k j3(kik) T Method Comment Ref. 
(L mol-I s-l) (mol L -1) (K) 

5.83 Isobenzofuran, l,3-diphenyl- (DPBF) - Continued 

D20 (ves) 2.3 x 1010 1.1 X 10-6 293 CP/Ac-15 S = HYP; used kd = 2.5 X 104 s-l; 5 X 10-4 mol 92N201 
pO=? L-1 DPPC. 

DMF 1.1 x 109 CP/Ac-15 S = HPDME; used kd = 1.0 X 105 8-1• 92F505 

DMF 2.0 x 1 0-5 (~r) CP/Ac-14 S=RB. 79F412 

DMSO ~.8 x 108 1.2 X 10-4 CP/Ac-15 S = CuTCPc; used kd 3.3 x 104 s-1. 89F260 

DMSO/H2O 6.9 x 108 CP/Ac-15 S = MB; used kd = 1.2 X 105 s-l. 86R21O 
(75:25) 

EtOH 8.8 x 108 PUAd-5 S=HP. 91R206 

EtOH 1 x 109 291 CP/A'c-15 S = Zn(pc)(pyh; used kd = 7.1 X 104 S-I. 88A284 

EtOH 1.1 x 109 291 PULd-2 S = Zn(pc)(pyh 88A284 

EtOH 4.3 x 108 (kr) 1.2 x 10-4 (~r) 298 CP/Ac-14 S = A; used kd = 5.3 X 104 8-1• 84F240 

EtOH 1.3 x 109 6.5 X 10-5 298 CP/Ac-15 S = Eos; used kd = 8.3 X 104 S-I. 78F061 

EtOH 1.0 x 109 PUAd-8 S=MB. 74F646 

EtOH 2 x 10-4 CP/Ac-15 S=MB. 74F646 

H20 (mic) 6.2 x 109 303 CP/Ac-20 S = HA; Q = N3-; used kd = 5.0 X 105 8-1; 2.3 x 92NI79 
10-4 mol L-1 TDPB. 

H20 (mic) 2.3 x 109 303 CP/Ac-20 S = HA; Q = N3-; used kd = 5.0 X 105 8-1; 2.2 x 92N179 
10-4 mol L-1 Triton X-loo. 

H20 (mic) 5.1 x 109 303 CP/Ac-20 S = HA; Q = N3-; used kd = 5.0 X 105 s-l; 2.9 x 
10-4 mol L-1 SDS. 

92N179 

H20 (mic) . 2.2 x 1010 313 CP/Ac-23 S = Py; Q = N3-; used kd = 5.0 X 105 s-l; S and A' 78A174 
solubilized in SDS micelles. 

H20 (mic) 2.8 x 1010 313 CP/Ac-23 S = Py; Q = N3-; used kd = 5.0 X 105 s-l; S and A' 78A174 
solubilized in OTAC micelles. 

H20 (mic) 4.2 x lOy 1.2 X 10-4 298 CP/Ac-1S S = Eos; used kd = 5.0 x 10:; S-I; A solubilized in 78F061 
SOS micelles. 

H20 (mic) 4.7 x 109 1.1 X 10-4 298 CP/Ac-15 S = MB; used kd ='5.0 x 105 s-l; S and A 78F061 
!:nlnhill7.M in sns micelle!!. 

H20 (rnie) 5.2 x 109 9.7 X 10-5 CP/Ac-15 S = MB; used kd = 5 X 105 s-l; A solubilized in 767247 
SOS micelles. 

H20 (ves) 2.5 x 1010 1 X 10-5 293 CP/Ac-lS S = HYP; used kd = 2.5 X 105 S-I; 5 x 10-4 mol 92N201 
pH=7 L-1 DPPC. 

H20 (ves) >3 x 106 291 PULd-2 S = Zn(pc)(pyh; unilamellar DPPC vesicles. 88A284 

H20 (ves) 1 x 107 291 CP/A'c-15 S = Zn(pc)(pYh; used kd = 2.5 X 105 S-l; 88A284 
unilamellar DPPC vesicles. 

HCONH2/02O 1.1 x 109 PUAd-6 S=HP. 83E667 

(90:10) 

lIMN 3.9 x 108 298 PUAd-B S - An; AV:j: == -6 em3 mol-I; studied at 0.1-400 92A014 

MPa. 

HOCH2CH2OH 1.5 x 109 3.2 X 10-4 PUAd·8,16 S = MB or RB; k derived using ~ and k~ = 5.1 x 737014 
10-5 s-1 at [DPBF] = 1.7 x 10-5 mol L - . 

MCH 3.7 x 108 298 PUAd-8 S = An; AV* :: -19 cm3 morI
; studied at 0.1-400 92A014 

MPa. 90A018 

MeOH 7.2 x 108 298 PUAd-S S:;; An; AV*:;; -20 cm3 mOrl; studied at 0.1-400 92A0l4 
MPa. 90A018 

MeOH 8.0 x 10-5 CP/Ac-14 S=MB. 90F157 

MeOH 7.8 x 10-5 CP/Ac-14 S=RB. 90F157 

MeOH 9 x 108 293 PUAd-5 S=MB. 87E690 

MeOH 7 x 10-5 CP/Ac-14 S = A;f/=-1.0. 87F479 

MeOH 8.1 x 108 PUAd-S S=2·ACN. 84FOO5 
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TABLE 5. Rate constants for interaction of singlet oxygen with furans, pyrans and other heterocyclic oxygen compounds. - Continued 

Solvent k P (kd1k) " T Method Comment Ref. 
(Lmor! S-I) (mol L-1) (K) 

1;.'\1 buiJt:uzofuran, l,3-diphcnyl- (DPDF) - Continued 

MeOH 6.0 X 108 (kr) 2.4 X 10-4 <Pr) 298 CP/Ac-14 S=A;usedkd= l.4xlOS s-l . 84F240 

MeOH 8.3 X 108 PUIb-3 S=Ery. 83A050 

MeOH 8.1 X 108 PUAd-8 S=An. 82A349 

MeOH 7.8 X 108 CP/Ac-14 S = Fl2-; used kd = 1.4 X 105 S-I. 80N021 

MeOH 8.0 X 10-5 (Pr) CP/Ac-14 S = N-[5-Hydroxy-8-[[2-(methylsulfonyl)-4- 79F412 
nitrophenyl]azo ]-1-
naphthalenyl-l,3-benzenedisulfonamide, 
conjugate base. 

MeOH 7.8 x 108 CP/Ac-23 S = Py; Q = N3-; used kd = 1.4 X 105 s-l. 78A174 

MeOH 1.6 x 109 7.1 X 10-5 298 CP/Ac-15 S = Ery; used kd = 1.1 X 105 s-l. 78F06l 

MeOH 1.6 x 109 298 PUAd-5 S=MB. 78F061 

MeOH 1.6 x 109 6.8 X 10-5 298 CP/Ac-15 S = MB; used kd = 1.1 X los 8-1• 78F061 

MeOH 1.0 X 109 1.1 X 10-4 293 CP/Ac-14 S = Acridine Orange; used kd = 1.1 X 105 5-1; 767105 
Complicated kinetic treatment. 

MeOH 6.4 x 10-5 CP/Ac-15 S=MB. 767247 

MeOH 1.3 x 109 7 X 10-5 CP/Ac-15 S = MB; used kd = 9.0 X 104
5-1• 74F646 

MeOH 1.4 x 109 (kr) CPI Ac,A' c-17 S = MB; A' = OPF; used k/' = 1.1 X 108 L mol-l 74F646 
S-I; meas. krIkr A' = 12. 

MeOH 1 x 109 PUAd-8 S=RB. 737014 

MeOH 1.3 x 109 PUAd-8 S=MB. 737014 

MeOH 6.1 x 108 (kr) 2.3 x 10-4 (Pr) CP/Ac-14 S = RB; used kd = 1.4 X 105 s-I; used «Ilisc(RB) = 73F660 
0.76. 

MeOH 8 x 108 PUAd-5 S=MB. 727260 

MeOH 7.3 x 10-5 (Pr) 298 CPI Ac,A' c-17 S = RB; A' = OPF; used I3rA' = 9.5 X 10-4 mol 717398 
L-1. 

MeOH 7.0x 108 PUAd-5 S=MB. 719325 

MeOHlO2O 1.6 x 109 PUAd-6 S=HP. 83E667 
(90:10) 

MeOHlH2O 5.1 x 109 5.5 X 10-5 PUAd-8,16 S = RB or MB; k derived from ~ and ko = (3.7 ± 737014 
(50:50) 1.2) x 10-5 s-I at [OPBFj = 1.7 x 10-5 mol L -I. 

MeOHl 1.9 X 109 6.3 X 10-5 PUAd-8,16 S = MB or RB; k derived from P and kD = 1.6 x 737014 
HOCH2CH2UH lU-s S-1 at LDPHFJ = 1.9 x lU-s mol L -1. 

(50:50) 

CH3OCH2CH2OH 1.2 x 109 293 PUAd-5 S=MB. 87E690 

2-PrOH 6.1 x 108 (kr) CPI Ac,A' c-17 S = MB; A' = DPF; used kr
A' = 4.8 X 107 L morl 74F646 

s-l; meas. krIkrA' = 13; Solvent contained 1% 
MeOH. 

2-PrOH 5x 108 1 X 10-4 CP/Ac-15 S = MB; used kd = 5.0 X 104 s-l; Solvent 74F646 
contained 1 % MeOH. 

2-PrOH 1.5 x 108 PUAd·8 S = MB; Solvent contained 1% MeOH. 74F646 

THF 5.2 x 108 (kr) 8.4 x 10-5 (Pr) 298 CP/Ac-14 S = A; used kd =4.4x 104 S-1. 84F240 

THF 8.3 x 108 (kr) CP/ Ac,A' c-17 S = RB; A' = DPF; used k/' = 7.5 X 107 L mol-! 74F646 
s-l; meas. krIkr A' = 11. 

THF 5 x 108 PUAd-8 S=RB. 74F646 

dioxane 3.1 x 108 (kr) CP/ Ac,A' c-17 S = RB; A' = OPF; used k/' = 2.7 x 107 L mol-l 74F646 
s-1; meas. krIk/' = 11. 

dioxane 8.4 x 108 PUAd-8 S=RB. 74F646 

dioxane 1.2 x 109 rUAd-8 S=MD. 737014 

i-octane 4.4 x 108 (kr) 1.2 x 10-4 (~r) 298 CP/Ac-14 S A; used kd = 5.0 X 104 s-1. 84F240 
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TABLE 5. Rate constants for interaction of singlet oxygen with furans, pyrans and other heterocyclic oxygen compounds. - Continued 

No. Solvent k ~ (kik) T Method Comment Ref. 
(L mol-1 s-l) (mol L -1) (K) 

5.84 lsobenzofuran, hexaphenyl-

MeOH 6.9 x 108 (kr) CP/Ac-I4 S = RB~ used kd = 1.4 X 105 s-l; used /))isc(RB) = 73F660 
0.76. 

5.85 Isobenzofuran, 1,3,4,7 -tetraphenyl-

MeOH 6.6 x 108 (kr) CP/Ac-14 S = RB; used kd = 1.4 X 105 s-l; used /))isc(RB) = 73F660 
0.76. 

5.86 Psoralen 

CC14 5.6x 103 MPILI-12 S = TPP; used kd = 39 s-l. 83E813 

5.87 Psoralen, 8-methoxy .. 

CCl4 9.4 x 103 MPILI-12 S = TPP; used kd = 39 s-l. 83E813 

H2O 2x 109 CP/Ac-14 S = A; used kd = 2.6 X 105 s-l. 83F188 

5.88 Pyran, 5-acetyl.3,4.dihydro.6.methyl. 

CC14 1.2 X 105 283 CP/A'c-33 S = A' = Rub~ used kd = 1.1 X 103 
S-I; kA: not 90F329 

given. 

CH3CN 6.8 x 10' 283 CP/A/c-33 S = MB; A' = DPBF; used kct = 1.9 X 104 
S-1; kA' 90F329 

not given. 

CHC13 1.5 x 105 298 CP/A'c-33 S = A' = Rub; used kd = 7.1 X 103 s-I;.MIt = 90F329 
-22.6 kJ mol-I; AS:!: =-221.6 J K-1 mol-I; 
studied at 283-323 K; kA, not given. 

5.89 Pyran, S.benzoyl.3,4.dihydro.6·phenyl. 

CH3CN 1.9 x 103 283 CP/A/c-33 S = MB; A' = DPBF; used kd = 7.1 X 103 s-l. 90F329 

5.90 Pyran, 3,4-dihydro· 

CC14 7.9x 104 283 CP/A'c-33 S = A' = Rub; used kd = 1.1 X 103 8-1; kA, not 90F329 
given. 

CH3CN 1.8 x 105 283 CP/A'c-33 S = MB; A' = DPBF; used kd = 7.1 X 103 S-1; kg 90F329 
not given. 

CH3COCH3 7.2 X 104 (kr ) 281 S = RB: A' = 1.4-Dioxene: used kA' = 2.2 X 105 L 70F733 
mo}-1 S-1; meas. kAfkA' = 0.33. 

CHe}3 7.1 x 104 298 CP/A'c-33 S = A' = Rub; used kd:::: 7.1 X 103 s-l; kA, not 90F329 
6.1 x 104 323 given. 

5.91 Pyran, 3,4.dihydro-5,6.dimetbyl. 

MeOH 7.2 x 107 (kr) 286 CP/Oc-29 S:::: RB; A' = 2,5-DMF; used kd = 1.4 X 105 s-1, 

kg = 1.8 X 108 L morl 8-1; meas. kclkr = S; 0.1; 
91F163 

24% [2+2] cycIoaddition. 

5.92 Pyran-4·d, 2,3.dihydro-4.methyl. 

C6H6 S = TPP; A' = 2,3-Dihydro-4-methylpyran; meas. 777645 
k/'Ikr= 1.087. 

CH3CN S = MB; A' = 2,3-Dihydro-4-methylpyran; meas. 777645 
A: • 

kr Ikr = 1.787. 

5.93 Pyran·4.t,2,3-dihydro-4-methyl-

C6H6 CPI Ac,A' c-17 S = TPP; A' = 2,3-Dihydro-4-methylpyran; meas. 777645 
A' 

kr Ikr = 1.335. 

CH3CN AC,A:C-11 S = MB; A' = 2,3-Dihydro-4-IIl~(hylpyrall; lUCas. 777645 

krA'lkr = 1.211. 

5.94 Pyran-5-t,2,3-dihydro-4,4.dimethyl. 

C6H6 CP/Ac,A'c-17 S :::: TPP; A' = 2,3-Dihydro-4,4-dimethylpyran; 777645 
A' meas. kr Ikr = 0.897. 

CH3CN CPI Ac,A' c-17 S = MB; A' = 2,3-Dihydro-4,4-dimethylpyran; 777645 
A' meas. kr Ilcr = 0.897. 
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TABLE 5. Rate constants for interaction of singlet oxygen with furans, pyrans and other heterocyclic oxygen compounds. - Continued 

~2" 

"No, Solvent k !3 (kik) T Method Comment Ref. 
(L mol-l s-l) (mol L-1) (K) 

~}~~ . 

~,*)5 Pyran-5-t, 2,3-dihydro-4-methyl-

C614 CPt Ac,A' c-17 S = TPP; A' = 2,3-Dihydro-4-methylpyran; meas. 777645 
A' kr tkr = 0.908. 

CH3CN CPt Ac,A' c-17 S = MB; A' = 2,3-Dihydro-4-methylpyran; meas. 777645 
k!'lkr = 0.866. 

1.96 ' Pyran-6-t, 2,3-dihydro-4,4-dimethYI-

C6H6 CPI Ac,A' c-17 S = TPP; A' = 2,3-Dihydro-4,4-dimethylpyran; 777645 
meas. kr A'tkr = 0.994. 

CH3CN CPt Ac,A' c-17 S = MB; A' = 2,3-Dihydro-4,4-dimethylpyran; 777645 
A' meas. kr tkr = 1.0. 

_.91 Pyran.6-t, 2,3-dihydro-4-methyl. 

C614 CPt Ac,A' c-17 S = TPP; A' = 2,3-Dihydro-4-methylpyran; meas. 777645 
kr A'lkr = 0.98. 

CH3CN CPt Ac,A' c-17 S = MB; A' = 2,3-Dihydro-4-methylpyran; meas. 777645 
A' kr tkr= 1.07. 

'3.98 Pyran-5-carboxylic acid. 3.4-dihydro-6·methyl., ethyl ester 

C6D6 4.3 x 104 298 CP/Oc-17 S = TPP; A' = DPBF; reI. to kA = 1 X 105 Lmol-l 90F329 
s-I measured in CH3CN. 

C614 2.4 x 104 298 CP/Oc-17 S = TPP; A' = DPBF; reI. to kA = 1 x 105 L mol-I 90F329 
s-l measured in CH3CN. 

CC14 3.9 x 104 298 CP/A'c-33 S = A' = Rub; used kd = 1.1 X 103 s-l; MIt. = 
-22.6 kJ mor l ; 6S:j: = -191.5 J K-l morl ; 

90F329 

studied at 283-323 K; kA, not given. 

CC14 4.3 x 104 298 CPtOc-17 S = TPP; A' = DPBF; reI. to kA = 1 X 105 L mol-l 90F329 
s-1 measured in CH3CN. 

CD3CN 1.1 x 105 298 CPtOc-17 S = MB; A' = DPBF; reI. to kA = 1 x 105 L morl 90F329 
s-I measured in CH3CN. 

CH2Cl2 5.4 x 104 298 CPtOc-17 S = TPP; A' = DPBF;reI.to kA = 1 X 105 Lmorl 90F329 
S-I measured in CR3CN. 

CH3CN 1.0 x 105 298 CPtA'c-33 S = MB; A' = DPBF; used kd = 1.9 X 104 s-I; 90F329 
MI:j: =-22.8 kJ mol-I; 6S:j: =-222.5 J K-1 

mol-I; studied at 283-323 K; kA' not given. 

CHC}'~ 4.0x 104 298 CPtA'c-33 S = A' = Rub; used kd = 7.1 x 103 s-I; M:j: = 90F329 
-19.1 kJ mol-I; 6S* = -220.9 J K-1 mol-I; 91F497 
studied at 283-323 K; kA' not given. 

·$.99 Pyran.S.carboxylic acid, 3,4-dihydro-6-(1.methylethyl)-, ethyl ester 

CC14 5.5 x 103 298 CP/A'c-33 S = A' = Rub; kd and kA, not given. 91F497 

CH3CN 1.1 x 105 298 CPtA'c-33 S = MB; A' = DPBF; kd and kA, not given. 91F497 

CHC13 4.3 x 104 298 CP/A'c-33 S = A' = Rub; M:j: -17.4 kJ mol-I; 6S:j: = 91F497 
-215 J K-I mor l

; studied at 273-323 K; kd and 
kA, not given. 

$.100 Pyran-5-carboxylic acid, 3,4-dihydro-6-phenyl., ethyl ester 

CC14 2.8 x 104 283 CPtA/c-33 S = A' = Rub; used ~ = 1.1 x 103 S-I; kA' not 90F329 
given. 

CH3CN 1.1 x 105 283 CP/A'c-33 S = MB; A' = DPBF; used kd = 1.9 X 104 s-I; kA, 90F329 
not given. 

CRa3 1.2 x 104 298 CP/A/c-33 S = A' = Rub; used kd = 7.1 x 103 s-l; kA, not 90F329 
given. 91F497 

,5;101 Pyran-5-carboxylic acid, 6-ethyl-3,4-dihydro-, ethyl ester 

CH3CN 4.1 x 104 298 CP/A/c-33 S = MB; A' = DPBF; kd and kA' not given. 91F497 
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TABLE 5. Rate constants for interaction of singlet oxygen with furans, pyrans and other heterocyclic oxygen compounds. - Continued 

No. Solvent k ~ (kik)·· T Method Comment Ref. 
(L mol-1 s-l) (mol L-1) (K) 

5.101 Pyran-5-carboxylic acid, 6-ethyl-3,4-dihydro-, ethyl ester - Continued 

CHCl3 2.7 x 104 298 CP/A/c-33 S::: A'::: Rub; Mf*::: -12.9 kJ mol-I; ~S* = 91F497 
-204.7 J K-1 mol-I; studied at 273-323 K; kd and 
k A' not given. 

5.102 Sydnone,3,4-diphenyl. 

C6H6 5.3 X 106 296 PUA/d-S S ::: NMTA; A' ::: DPBF. 86A203 

MeOH 2.8 X 106 296 PUA/d-5 S = NMTA; A' = DPBF. 86A203 

5.103 Sydnone,4-methyl-3-(4-methylphenyl)· 

c-C6H12 -l.Ox 107 296 PUA'd-S S ::: CQ; A' ::: DPBF. 86A203 

C6H6 4.0x 107 296 PUA'd-5 S NMTA; A' ::: DPBF. 86A203 

CC14 1.8 X 107 296 PUA'd-S S = CQ; A' :::: DPBF. 86A203 

CH3CN 4.9 X 107 296 PT JA'rl-I'ii S=CQ;A' DPBF 86A2m 

CH3COCH3 4.2x 107 296 PUA'd-5 S = NMTA; A' :::: DPBF. 86A203 

MeOH 1.7 X 107 296 PUA'd-S S ::: NMTA; A' ::: DPBF. 86A203 

5.104 Sydllone, j-(4.methylphenyO-

C6H6 ::::5 X 105 296 PUA'd-5 S ::: CQ; A' = DPBF. 86A203 

MeOH S5 X 105 296 PUA'd-5 S = NMTA; A' = DPBF. 86A203 

5.105 Sydnone,3-rnethyl-4-phenyl-

C6H6 2.7 X 106 296 PUA'd-5 S ::: NMTA; A' = DPBF. 86A203 

MeOH 2.2 X 106 296 PUA'd-5 S ::: NMTA; A' ::: DPBF. 86A203 

5.106 Sydnone,3-(4-rnethylphenyl)-4.phenyl· 

C6H6 5.4 X 106 296 PUA/d-5 S = NMTA; A' = DPBF. 86A203 

McOH 3.5 x 10" 296 PUA'U-5 S ;;; NMTA; A' ;;:; DPBF. 86A2OJ 

5.107 Sydnone, 3-phenyl-

C6H6 :55 X 105 296 PUA'd-5 S ::: CQ; A' = DPBF. 86A203 

MeOH :55 X lOS 296 PUA/d-5 S :::: NMTA; A' :::: DPBF. 86A203 
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TABLE 6. Rate constants for interaction of singlet oxygen with pyrroles, oxazoles. pyridines and other heterocyclic nitrogen compounds. 

>;·'"~·l"i 

Solvent k ~(k'k) T Method Comment Ref. 
(L mol-l S-l) (mol L-l ) (K) 

.;iJ:'.;; 

~ ":. 

<~/i ..s~Acridinedione, 3,4,6,7/},lO-hexahydro-3,3,6,6-tetramethyl-

CHCl3 2.0x 106 PULd-2 S = MPOEE or PdMPOEE. 81A327 

~I ""(~.rbazole, 2,3,4/}-tetrahydro-9-methyl-

MeOH 293 CP/Ac-17 S = RB; A' = 9-Acetyl-2,3.4,9-
tetrahydrocarbazole; meas. k,lk/' = 59. 

79F434 

\j1. (';'rbazole,2,3,4,9-tetrahydro-9-methyl-6-nitro-

MeOH 293 CP/Ac-17 S = RB; A' = 9-Acetyl-2,3,4,9- 79F434 
tetrahydrocarbazole; meas. klk'/' = 4.8. 

" Cyclopenta[b]qulnollne, 4-methyl-l,2-cnphenyl-

C6~ 3.0 x 106 0.014 CP/Ac-15 S = A; used kd =4.2 x 104 S-l. 78F438 

;:u HIstamine 

H2O 2.8 x 107 298 CP/Oc-19 S = Phenosafranine; Q = N3'; used 'to. = 2 X 108 L 78A360 
pH = 7.1 morl s-l. 

H2O 2.0 X 108 2.5 X 10-3 298 CP/Ac-15 S = MB; used kd = 5.0 x lOs s-l. 78F061 

;r •• . " imidazole 

°2° 2x 107 PULd-2 S = Carboxyanthracene. 92E225 
pO=7 

°2°1 EtOH (75:25) 1.4 x 107 (kr) 295 CP/Ac-14,28 S = RB; used kd = 4.8 x 104 s-l; DMA as 94Al13 
actinometer, used kA = 2.4 X 107 L morl s-l. 

020/EtOH (75:25) 2.4 x 107 295 PULd-2 S=RB. 94Al13 

H2O 3.4 x 107 (kr) 298 CP/Oc-14 S = H2TPPs4-; used kd = 2.5 x lOs s-l; Ea = 30.2 91R053 
kJ mol-I; log(A) = 12.8; studied at 288-318 K; 
phosphate buffer contg. 1.6% NaO. 

H2O 3.4x 107 CP/Oc-19 S = HP; Q = N3'; used kQ = 2 X 108 L morl s-l. 78A278 
pH=7.0 

H2O 4x 107 298 CP/Oc-19 S = Phenosafranine; Q = N3 -; used ko. = 2 X 108 L 78A360 
pH =7.1 mol-I S-l. 

H20 (mic) 2.0 x 107 CP/0c-19 S = Chi a; Q = N3-; used kQ = 2 X 108 L morl 78A278 
pH=7.0 s-I; 1 % Triton x-tOO; k = 2.9 X 107 and 3.9 x 107 

L mol-l s-l in 2% and 5% Triton X-1oo, resp. 

H20 (mic) 3.6 x 107 CP/Oc-19 S = HP; Q = N 3-; used ~ ... 2 x 108 L moris-I; 78A278 
pH=7.0 t % Triton X-100. 

. Ail : Jmldazole, 4-metbyl-

DlOI EtOH (75:25) 1.3 x 108 295 PULd-2 S=RB. 94Al13 

0201 EtOH (75:25) 1.1 x 108 (kr) 295 CP/Ac-14,28 S = RB; used kd = 4.8 X 104 s-l; DMA as 
actinometer, used kA = 1.3 X 108 L morl S-l. 

94A113 

...., Jiadolc 

C6HsCH3 7.7 x lOs PRlA'd-5 S = Np; A' = DPBF; Ml; = 0 kJ mol-I; ~S* = 79AI06 
-141 J K-1 mol-I; studied at 223-353 K. 

CH3CN <104 (kr) CPI Ac,A' c-17 S = ZnTPP; A' = An; used lcr A' = 1.2 x 106 L 
mol-I s-l. 

90F347 

CH3CN 2.5 X 106 PlJLd-2 S=ZnTPP. 90F347 

° 2°/ EtOH (75:25) 1.9 x 107 295 PlJLd-2 S=RB. 94Al13 

D201 EtOH (75:25) 9 x 106 (kr) 295 CPI Ac-14,28 S = RB; used kd =4.8 x 104 s-l; DMA as 94A113 
actinometer, used kA = 1.9 X 107 L mori S-l. 

H2O 7x 107 CP/Ac-14 -S = RB; used kd = 2.5 x lOs S-I. 88A385 
pH=7.2 

'11., Indole, S,6-dimethoxy-

CHCl3 4.3 x 107 2.3 X 10-4 CP/A'c-J6 S = A' = Rub; used kd = I_x 104 s-I. 84F670 
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TABLE 6. Rate constants for interaction of singlet oxygen with pYlToles, oxazoles. pyridines and other heterocyclic nitrogen compounds. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(L mol-I S-I) (mol L -I) (K) 

6.10 Indole, l,3-dime,thyl-

MeOH 293 CP/Ac-17 S = RB; A' = 9-Acetyl-2,3,4,9- 79F434 
tetrahydroearbazole; meas. k/k/': = 13. 

6.11 Indole, 2,3-dimethyJ-

C6HsCH3 1.0 x 108 PRlA/d-5 S = Np; A' = OPBF; Mn = 0 kJ mol-I; as* = 79AI06 
-99.2 J K-1 morl ; studied at 223-353 K. 

0 20 (ves) 4.8 x 107 295 PUA'd-5 S = 2-ACN; A' = OPBF~ 4.0 x 10-2 mol L -1 82N027 
ODAB. 

0 20 (rnic) 7.0x 108 PUA/d-5 S = MB; A' = OPBF; 0.1 mol L -1 SOS. 81N048 
pD= 7.4 

D20 (rnie) 4.4 x 108 PUA/d-5 S = MB; A' = DPBF; 0.1 mol L-1 CTAB. 81N048 
pO =7.4 

6.12 Indole, S-hydroxy-

CHCl3 <2x 105 >0.05· CP/A'e-16 S = A' = Rub; used kd = 1 X 104 S-I. 84F670 

6.13 Indole, S-methoxy-

CHCl3 <2 x 105 >0.05 CP/A'c-16 S = A' = Rub; used kd = 1 X 104
5-1• 84F670 

6.14 Indole,5-methoxy-l,2,3-trimethyl-

MeOH 293 CP/Ac-17 S = RB; A' = 9-Aeetyl-2,3,4,9- 79F434 
tetrahydrocarbazole; meas. k/k/' = 98. 

6.15 Indole, I-methyl-

CH3CN 3.7 x 10° PULd-2 S=ZnTPP. 90F347 

CH3CN <104 (kr) CPI Ac,A' c-17 S = ZnTPP~ A' = An~ used k/' = 1.2 X 106 L 
mo}-1 S-I. 

90F347 

6.16 Indole, 3-methyl-

C6HSCH3 9.2 x 106 PRlA/d·5 S = Np; A' = OPBF~ Mf* = 0 kJ mol-I; as* = 79AI06 
-120 JK-1 mol-I; studied at 223-353 K. 

CH2Ci2 6X 106 PUTb-3 S=TPP. 83AO:50 

CH3CN 6.8 x 107 PULd-2 S=ZnTPP. 90F347 

CH3CN 2.3 x 106 (kr) CP/Ac,A'c-17 S =ZnTPP; A' = An; used k/' = 1.2 X 106 L 90F347 
mo)-I s-I. 

0 201 EtOH (75:25) 1.6 x 108 295 PULd-2 S=RB. 94Al13 

D201 EtOH (75:25) 1.2 x 108 (kr) 295 CPI Ac-14,28 S = RB; used kd = 4.8 X 104
8-1; DMA as 94Al13 

actinometer, used kA = 1.6 X 108 L mol- l S-I. 

6.17 Indole, 3-methyl-2-phenyl-

C6HSCH3 2.1 x 107 PRlA'd-5 S = Np; A' = DPBF; W; = 0 kJ mol-I; .6S* = 79AI06 
-113 J K-1 morl ; studied at 223-353 K. 

6.18 Indole, 1,2,3-trimethyl-

MeOH 293 CP/Ac-17 S = RB; A' = 9-Acetyl-2,3,4,9- 79F434 
tetrahydrocarbazole: meas. kjk/: = 70. 

6.19 Indole, l,2,3-trimethyl·S-nitro-

MeOH 293 CP/Ac-17 S = RB; A' = 9-Acetyl-2,3,4,9-
tetrahydrocarbazole; ml;'lls. k/k.A' = 5:0 

79F434 

6.20 Indole-3-acetate ion 

H2O 9.2 x 107 (kr) CP/Oc,A' e-17 S = RB; A' = His; used k/ = 8.8 X 107 L mOrl 91F359 

pH=7 s-l. 

H2O 1.0 X 109 1.0 X 10-4 CP/Ac-18 S = FMN; Q = N3-; used kd = 1.0 X 105 s-I. 86A4Of 

pH = 7.0 
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'.'",nLE 6; Rate constants for interaction of singlet oxygen with pyrroles, oxazoles, pyridines and other heterocyclic nitrogen compounds. - Continued 

'"'~ 
;t«t Solvent k ~ (kd1k) T Method Comment Ref. 

(Lmorl S-I) (molL-I) (K) 
';;:,..~r.;::,:c", 

f!,U Indole-3-acetic acid 

CH3CN 4.6 x 105 (kf ) CP/Ac-29 S = ZnTPP; A' = An; used kA, = 1.2 X 106 L 90F347 
mol-l S-I; meas. kikr'= 40 ± 6; Used kA = 1.9 X 

107 L morl s-l. 

CH3CN 1.9 x 107 PULd-2 S=ZnTPP. 90F347 

°201 EtOH (75:25) 7.8 x 107 295 PULd-2 S=RB. 94A113 

H2O CP/A'c-29 S = RB; A' = Met; used kA, = 2.0 X 107 L mol-1 90F347 
pH=4 S-I; meas. kikr= ~12 ±5. 

H2O 7.7 x 108 1.3 X 10-4 CP/Ac-18 S = FMN; Q = N3-; used kd = 1.0 x lOs s-l. 86A406 
pH =4.5 

H2U :5.9 x 109 1.7 X 10-4 CP/Ac-18 S = fMN; Q = Nf; used kd = 1.0)<. lOs 8-
1

• 86A406 
pH = 3.0 

;:i,JZ hidole-3-butyrate ion 

H2O 7.2 x 107 (kr) CP/Oc-17 S = RB; A' = His; used IcrA' = IUS X 107 L mol-1 ~lf'-j5~ 

pH=7 -I s . 

~'.23 3';;Indolebutyric acid 

CH3CN 1.3 x 106 (kr) CP/A'c-29 S = ZnTPP; A' = An; used kA' = 1.2 x 10° L 90F347 
mol-I s-l; meas. kqlkr = 32 ± 3; Used kA = 4.5 X 

107 L mol-1 s-I. 

CH3CN 4.5 x 107 PULd-2 S=ZnTPP. 90F347 

H2O CP/A'c-29 S = RB; A' = Met; used kA' = 2.0 X 107 L mol-1 90F347 
pH=4 S-I; meas. kikr = 11 ± 5. 

6.24 Indole-3-carbinol 

CH3CN 6.1 x 105 (kr) CPI Ac,A' c-17 S = ZnTPP; A' = An; used krA' = 1.2 X 106 L 
mor1 s-I. 

90F347 

CH3CN 1.7 x 107 PULd-2 S=ZnTPP. 90F347 

:; •• 25 Indole-2-carboxylic acid 

CH3CN <104 (kr) CP/Ac,A'c-17 S = ZnTPP; A' = An; used keN = 1.2 X 106 L 90F347 
mol-1 s-l. 

CH3CN 3.6 x 105 PULd-2 S=ZnTPP. 90F347 

6~6 : Indole-3-carboxylate ion 

H2O 1.4 x 107 (kr) CP/Oc,A' c-17 S = RB; A' = His; used k/' = 8.8 X 107 L morl 91F359 
pH=7 S-I. 

6:1.7: Indole-3-carboxylic acid 

CH3CN 1.3 x 105 (kr) CPI Ac,A' c-17 S = ZnTPP; A' = An; used kr N = 1.2 X 1()6 L 90F347 
mol-l S-I. 

CH3CN 5.2 x 105 PULd-2 S=ZnTPP. 90F347 

6~8 Indole-3-propionamide 

°201 EtOH (75:25) 7.7 x 107 295 PULd-2 S=RB. 94A113 

6.29 Indole-3-propionate ion 

H2O 7.3 x 107 (kr) CP/Oc-17 S = RB; A' = His; used kr A' = 8.8 X 107 L mol-1 91F359 
pH=7 -I s . 

6.30 Indole-3-propionic acid 

CH3CN 6.1 x 105 (kr) CP/A'c-29 S = ZnTPP; A' = An; used kN = 1.2 X 106 L 90F347 
mol-1 s-I; meas. kq/kr= 54± 8; Used kA = 3.3 x 

_ J07 L morl s-I. 

CH3CN 3.3 x 107 PULd-2 S=ZnTPP. 90F347 

°201 EtOH (75:25) 6.6 x 107 (kr) 295 CP/Ac-14,28 S = RB; used kd = 4.8 X 104 s-l; OMA as 
actinometer, used kA == 9.8 X 107 L morl s-I. 

94A113 
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TABLE 6. Rate constants for interaction of singlet oxygen with pyrroles, oxazoles, pyridines and other heterocyclic nitrogen compounds. - Continued 

No. Solvent k ~ (kik) T Method Comment Ref. 
(Lmorl s-I) (mol L-1) (K) 

6.30 Indole-3-propionic acid - Continued 

D201 EtOH (75:25) 9.8 x 10' 295 PULd-2 S=RB. 94Al13 

H2O CP/A/c-29 S = RB; A' = Met; used kA, = 2.0 X 107 L mol-I 90F347 
pH=4 s-l; meas. kikr = 15 ±4. 

6.31 Oxazole, 2,s-diphenyl-

H201 D20 (50:50 1.6 x 108 2.2 X 10-3 298 CP/Ac-15 S = MB; used kd = 2.8 X 105 s-l; A solubilized in 78F061 
(mic» DTAC micelles; solvent mixt. in mole %. 

H201 D201 MeOH 1.6 x 108 1.6 X 10-3 298 CP/Ac-lS S = MB; used kd = 2.6 x lOs S-I; solvent mixt. in 78F061 
(20:50:30) mole%. 

6.32 Oxazole, 2,s-diphenyl-4-metbyl-

C6H6 3.9 x 10' 2.0 X 10-3 CP/Ac-14 S = 1; used kd = 8.0 X 104 s-l. 81F622 

CH3(CH2)40H 3.0 x 10-3 CP/Ac-14 S=7. 81F622 

DMSO 1.5 x 10-3 CP/Ac-14 S=1. 81F622 

EtOH 3.3 x 107 5.5 X 10-3 CP/Ac-14 S =?; used kd = 1.8 X 105 s-I. 81F622 

MeOH 3.5 x 107 5.8 X 10-3 CP/Ac-14 S =?; used kd =2.0x lOS S-I. 81F622 

dioxane 1.6 x 107 1.8 X 10-3 CP/Ac-14 S =?; used kd =2.9 x 104 s-I. 81F622 

6.33 Oxazole, 4-methyl-Z-(3-chlorophenyl)-S-phenyl-

MeOH 1.7 x 10' 0.012 CP/Ac-14 S = ?; used kd = 2.0 X 105 S-I. 81F622 

6.34 Oxazole,4-methyl.2 .. (4-chlorophenyl)-S-phenyl-

MeOH 1.9 x 107 0.010 CP/Ac-14 S = 1; used kd = 2.0 X 105 S-I. 81F622 

6.35 Oxazole,4-methyl-2-(4-methoxyphenyl)-S-phenyl-

MeOH 5.3 X 107 3.8 X 10-3 CP/Ac-14 S = 1; used kd = 2.0 x lOs s-l. 81F622 

6.36 Oxazole, 4-methyl-2-( 4-methylphenyl)-S-phenyl-

MeOH 3.7 x 10' 5.3 X 10-3 CP/Ac-14 S =?; used kd = 2.0 x lOs s-l. 81F622 

6.37 Oxazole,4-methyl-Z-(4-nitrophenyl)-5-phenyl. 

MeOH 1.2 x 10' 0.017 CP/A.,;-14 s;; 1; u~cu Ad ;;;;; 2.0 x 105 s-l. 81F622 

6.38 Phenoxazine 

C6HSBri MeOH 1.0 x 10' CP/A'c-23 S = A' = Rub; used kd = 4.9 X 104 s-l, kA, = 4 x 777240 

(67:33) 10' L mol-1 s-I. 

6.39 Pyrazolo[l',2' :2,3][1,2,3]triazolo[ 4,s-a ]pbenazin-4-ium, l,3-dimethyl-

c-C6H12 4.5 x 107 (kr) CP/Ac-14 S = A; used kd = 5.9 X 104 s-l. 80F548 

CHC13 3.7 x 10' (kr) CP/Ac-14 S = A; used kd = 1.7 X 104 s-I, 80F548 

CHC13/MeOH 6.3 x 10' (kr) CP/Ac-14 S:::: RB; used kd = 5.4 X 1048-1; Used tl>A for RB 80F548 

(80:20) =0.76. 

CHC13/MeOH 4.2 x 107 (kr) CP/Ac-17 S:::: RB; A':::: DPBF; used krA ' = 8 x 108 Lmol-1 ~Ul':;48 

(80:20) 
-1 s . 

CHCl3/MeOH 6.4 x 107 (kr) CP/Ac-14 S:::: A; used kd = 5.8 X 104 S-1. 80F548 

(80:20) 

6.40 Pyridine 

CC14 2x 103 PUA'd-8 S :::: MB; A' = DPBF. 76F903 

6.41 Pyridine,3,5-diacetyl-l,4.dihydro-

CHCl3 4.7 x 106 PULd-2 S = MPDEE or PdMPDEE. 81A327 

6A2 Pyridine, 3,5-dipcetyl-l,4-dihydro-2,6-dimethyl-

CHCl3 5.1 x 106 PULd-2 S :::: MPDEE or PdMPDEE. 81A327 



RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION 801 

, ,,1,..t.u 6. Rate constants for interaction of singlet oxygen with pyrroles, oxazoles, pyridines and other heterocyclic nitrogen compounds. - Continued 

{;~~jtfflf;g'============================================== 
~, Solvent Comment Ref. 

i4' Pyridine,3,5.dibenzoyl.l,4.dihydro.2,6.dimethyl. 

CHCl3 3.8 x 106 PULd-2 S = MPDEE or PdMPDEE. 81A327 

:; ~M" l-Yridine·3,5·dicarboxamide, 1,4·dihydro·2,6-dimethyl.N ,N.diphenyl. 

CHCl3 7.5 x 107 PULd-2 S = MPOEE or PdMPOEE. 81A327 

f.Al' Pyridine.3,5.dicarboxamide, 1,4·dihydro·2,4,6·trimethyl.N,N·diphenyl. 

CHCl3 6.5 x 106 PULd-2 S = MPOEE or PdMPOEE. 81A327 

.M~ Pyridine.3,5.dicarboxylic acid, 1,4.dihydro·2,6·dimethyl., dicyclohexyl ester 

CHC13 6.0 x 106 PULd-2 S = MPOEE or PdMPDEE. 81A327 

Pyrldine·3,5-dicarboxylic acid, 1,4-dihydro-2,6-dimethyJ-, diethyJ ester 

CHC13 3.4 x 106 PULd-2 S = MPDEE or PdMPDEE. 81A327 

Pyrldinc-3,5-dicarboxylic acid, 1,4-dihydro-2,6-dimethyl-, dihexyl ester 

CHCl3 5.0 x 106 PULd-2 S = MPOEE or PdMPOEE. 81A327 

;:. ',A'Pyridine-3,5.dicarboxylic acid, 1,4-dihydro-2,6-dimethyJ-, di(l-methylethyl) ester 

CHC13 6.6 x 106 PULd-2 S = MPOEE or PdMPDEE. 81A327 

t:W Pyridine-3,5-dicarboxylic acid, 1,4-dihydro-2,6-diphenyl-, diethyl ester 

CHCl3 <105 PULd-2 S = MPDEE or PdMPOEE. 81A327 

, UJ ~ridine-3,5-dicarboxylic acid, 1,4-dihydro-2,4,6·trimethyl., diethyl ester 

CHC13 <105 PULd-2 S = MPOEE or PdMPDEE. 81A327 

: ' Ul Pyridine-3,5·dicarboxylic acid, 2,6-dimethyl-, diethyl ester 

CHC13 <105 PULd-2 S = MPDEE or PdMPDEE. 81A327 

, ,.;llJ',ridinium, 2,3.dihydro-l-methyl-4-phenyl-

0 20 1.7 x 106 PULd-2 S=MB. 91R251 

'&!'J4l)'ridinium,l-methyl-

O2° 6.5 x 105 PULd-2 S=MB. 9IR25I 

',' 'U$ Pyridinium, l-methyl-4-phenyl-

0 20 8.9x 105 PULd-2 S=MB. 9IR251 

' •• 86 Pyrido[4,3-b ]indole, 2,3,4,4a,5,9b-hexahydro.2,8-dimethyl., cis-(·), (Stobadine) 

0 20 1.3 x 108 310 CRlLI-12 used kd = 1.9 X 104 8-1; 102* from NDP02• 92A252 
1'0=7.4 

',~1 pYrido[ 4,3·b ]indoJe, N-acetyl.2,3,4,4a,5,9IJ.hexahydro.2,S.dimethyl. 

0 20 1 x 106 310 CRlLI-12 used kd = 1.9 X 104 s-l; 102* from NDP02• 92A252 
pD = 7.4 

... 58 Pyrido[4,3·b]indoJe, 1,2,3,4.tetrahydro-2,8-dimethyl- (Dehydrostobadine) 

0 20 1.7 x 108 310 CRlLI-12 used kd = 1.9 X 104 s-l; 102* from NDP02. 92A252 
pO =7.4 

U9 PyrroJe 

CsHsN 1.4 x 109 295 PULd-2 S=An. 93E684 

CsHsN 2x 108 CPtA'c-lS S = TPBC; A' = Tetr; used kd = 6.3 X 104 S-I, kA, 86F670 
= 7 x 106 L morl 8-1; cor. for kq(S) = 108 L 
mol-1 8-1. 

1,2-C6H4(CH3h 1.8 x 108 295 PULd-2 S=An. 93E684 

C6HSCH3 1.7 x 108 295 PULd-2 S=An. 93E684 

C6HsCN 2.1 x 108 295 PULd-2 S=An. 93E684 
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TABLE 6. Rate constants for interaction of singlet oxygen with pyrroles, oxazoles, pyridines and other heterocyclic nitrogen compounds. - Continued 

No. Solvent k P (kd1k) T Method Comment Ref. 
(L mol-1 S-I) (mol L-1) (K) 

6.59 Pyrrole - Continued 

C6H6 1.5 x 108 295 PULd~2 S=An. 93E684 

<:GHG .cl ')( 106 CP/A/c-l& S = TPBC; Ai"" Tete; uS/ed kll = 3.3 x 104 s-l, kA' &6F670 

= 7 X 106 L mol-1 s-l; cor. for kq(S) = 108 L 
mol-1 S-I. 

CH3COCH3 5.4 X 108 295 PULd-2 S=An. 93E684 

CH3COCH3 6x 107 CP/A'c-18 S = TPBC; A' = Tetr; used kd = 2.0 X 104 s-l, kA' 86F670 
= 7 x 106 L mol-1 s-l; cor. for kq(S) = 108 L 
morl s-I. 

6.60 Pyrrole, 2,5-dimethyl-

MeOH 0.16 293 CP/Oc-15 S = RB; Ea = 7.1 kJ mol-I. 68F28R 

6.61 Pyrrole, 1-(I,I-dimethylethyl)-

MeOH 1.2 x 108 1.2 X 10-4 CP/Oc-? S = RB; used kd = 1.4 X 105 s-l. 75F652 

CH3COCH3 3.9 x 107 9.7 X 10-4 CP/Oc-? S = MB; used kd = 3.8 X 104 s-I. 75F652 

6.62 Pyrrole,2-(I,I.dimethylethyl). 

CH3COCH3 4.2 x 107 9.0 X 10-4 CP/Oc-? S = MB; used kd = 3.8 X 104 s-l. 75F652 

MeOH 1.5 x 108 9.3 X 10-4 CP/Oc-? S = RB; used kd = 1.4 X 105 S-I. 75F652 

6.63 Pyrrole, 3~(1,1 .. dimethylethyl)-

CH3COCH3 2.9 x 107 1.3 X 10-3 CP/Oc-? S ::: MB; used kd = 3.8 X 104 8-1, 75F652 

MeOH 1.8 x 108 7.8 X 10-4 CP/Oc-? S::: RB; used kd = 1.4 x lOs $-1. 75F652 

6.64 Pyrrole, I-methyl .. 

C6H6 3.7 x 108 295 PULd-2 S=An. 93E684 

CC14 1 x 109 5.5 X 10-8 CPILI-12 S = PdTPP; used kd::: 55 s-l. 87A202 

CH3COCH3 2.9 x 108 295 PULd-2 S=An. 93E684 

6.65 Pyrrole-2,4-dicarboxylic acid, 5,5'-methylenebis[3-methyl-, tetraethyl ester 

CC14 2 x 106 2.8 X 10-5 CPILI-12 S = PdTPP; used kd = 55 s-l. 87A202 

6.66 Pyrrole-3,5-dicarboxylic acid, 2,4-dimethyl-, diethyJ ester 

CC14 3x 106 1.8 X 10-5 CP/U-12 S = PdTPP; used kd = 55 s-l. 87A202 

6.67 Pyrrolo[2,3,4-k,l]acridine-l0-one, 1-( 4-bromophenyl)-2,3,5,7,8,9-hexahydro-4,4,S,S-tetramethyl. 

CHC13 2.6 x 108 PULd-2 S=MPDEE. 89F368 

6.68 PyrroJo[2,3,4-k, l]acridine-l O.one, 2,;3,5,7 ,8,9-hexahydro-l-(4-methoxyphenyl)-4,4,8,8-tetramethyl-

CHCl3 2.5 x 108 PULd-2 S=MPDEE. 89F368 

6.69 Pyrrolo[2,3,4-k, l]acridine-l0-one, 2,3,5,7,8,9-hexahydro-4,4,8,S-tetramethyl-l-phenyl-

CHC13 4.2 x lOIS PULd-2 S=MPDEE. 89F368 

6.70 PyrroJo[3',2 ':3,4]cycJopentafl,2-b ]pyridine, 2-(4-ethoxycarbonylphenyl)-1,8-dihydro- (EPCP) 

CH1Ch 3.6 x 108 (kr ) CP/Ac-14 S = Rubi; used kcl = 1 X 104 s-I; used 4>A(Rubi) = 92F270 

0.31. 

CH2C12 4.0 x 108 PULd-2 S=MB. 92F270 

6.71 Quinoline 

EtOH <l x 109 273 CP/Oc-23 S = MB; A':;: 2,5-DMF; No measurable effect. 72F518 

6.72 Quinoline, 1,2-dihydro-2,2,4-trimethyl-, homopolymer (Permanax 45) 

EtOH 9.6 x 108 273 CP/Oc-23 S = MB; A' = 2,5-DMF; used kd = 7.9 X 104 
S-1, 72F518 

kA' = 5.3 X 108 L mol-1 s-l; k crucd. in [81Z251]. 
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'fAillE 6. Rate constants for interaction of singlet oxygen with pyrroles, oxazoles, pyridines and other heterocyclic nitrogen compounds. - Continued 

~~1 

~, Solvent k P (kd1k) T Method Comment Ref. 
(L mol-I s-I) (mol L-1) (K) 

~i'i~}: 

"'3 Quinoline, S-hydroxy-

CHCl3 1.1 x 108 9.5 X 10-5 CP/A'c-16 S = A' = Rub; used kd = 1 X 104 s-l. 84F670 

,if'" Quinoline, 6-methoxy-

CHCl3 <2 x 105 >0.05 CP/A'c-16 S = A' = Rub; used kd = 1 X 104 
S-I. 84F670 

-~.:;t>.:.~ .• 
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No. 

7.1 

7.2 

WILKINSON, HELMAN, AND ROSS 

TABLE 7. Rate constants for the interaction of singlet oxygen with porphyrins, phthalocyanines and polypyrroles. 

Solvent 

Bacteriochlorophyll a 

(C2Hsh O 

(C2HshO 

CsHsN 

CsHsN 

C6H6 

CC14 

CC14 

CC14 

CHzClz 

CH3CN 

CH3COCI;I3 

THF 

dioxane 

Rsu"tpriOC'hlot'ophyll b 

(C2HshO 

CsHsN 

CCl4 

2.2 X 108 

9 X 108 

3 X 107 (kr) 

2 X 107 (kr) 

5.8 X 108 

1 X 109 

:2 x 109 

2 X 108 (kr) 

T 
(K) 

Method Comment 

PULd-2 S=A. 

CU AC,A' c-17 S = A' = Rub; meas. k/k/': = 0.035. 

PULd-2 S=A. 

CU Ac,A' c-17 S = A' = Rub; meas. klk/' = 0.1. 

CUAc,A'c-17 S = A' = Rub; meas. klkr
A' = 0.82. 

MPILI-12,27 S = TPP; A' = Tetr; used kd = 39 s-l. 

CP/Ac,A'c- S = TPP, TPBC or MP; A' = Tetr; kr derived 
14,27 using kA = 1 X 109 Lmor1 s-l,jr/>( = 1. 

MP/LI-12 S = PP or Ph a; used kd = 36 S-I; also see 
[78E881, 79AOIO]. 

CU Ac,A' c-17 S = A' = Rub; meas. k/k/, = 1.1. 

CUAc,A'c-17 S = A' = Rub; meas. klk,/>( = 1.0. 

CU Ac,A' c-17 S = A' = Rub; meas. k/kr/>( = 0.41. 

CU Ac,A' c-17 S = A' = Rub; meas. k/k/' = 0.015. 

CU Ac,A' c-17 S = A' = Rub; meas. klk/' = 0.044. 

PULd·2 S=A. 

PULd-2 S=A. 

MP/LI-12,27 S - TPP; A' - Tetr; used kll ... 39 s-I. 

Ref. 

90E32·1 

84F193 

90E32'l 

84FI9.l 

84F193 

85F517 

82A42 I 

77E617 

84F19~ 

84F193 

84F193 

84F19~ 

84F193 

90E324 

90E324 

85F517 

7.3 Biline.l,19.dione, 3,S,12,17.tetraethyl.22,24.dihydro.2,7 ,13,18-tetramethyl. (Etiobiliverdin-IVy) 

CHC13 1.8 X 109 CP/Ac-15 S = RBCE; used kd = 1.7 X 104 s-l; kr derived 
4.3 x 106 (kr) using q,isc(S) = 0.36. 

78F701 

MeOH 5.5 X 109 

3.5 X 106 (~) 
CP/Ac-15 S = RB; used kd = 1.4 X 105 s-l; kr derived using 78F701 

cjlisc(S) = 0.76. 

7.4 Biline-l,19-dione, 3,8,12,17 -tetraethyl-l 0,22,23,24-tetrahydro-2,7 ,13,IS-tetramethyl- (Etiobilirubin-IVy) 

CHCl3 3.0 x 109 CP/Ac-15 S = RBCE; used kd = 1.7 X 104 s-l; krderived 
2.3 X 109 (~) using cjlisc(S) = 0.36. 

78F70l 
79FI04 

MeOHlCHCl3 
(90:10) 

2.2x 109 

8.5 x 108 (kr) 

CP/Ac-15 S = RB; used kd = 1.4 x lOs s-l; k.derived using 78F701 
cjlisC<S) = 0.76. 79FI04 

7.5 Biline-S,12-dipropanoic acid, 2,17 -diethenyl-l,l O,19,22,23,24-hexahydro.3,7 ,13,IS-tetramethyl.l,19-dioxo- (Bilirubin, BR) 

C6HsCHOHCH3 CPI Ac~ 17 S = N-[2-[(2-Bromo-4,6-dinitrophenyl)azo J-5- 81 F609 
[(2-cyanoethyl)(2-
hydroxyethyl)amino]-4-methoxyphenyl]acetarnide; 
kA "", 0.5 reI. to kA in dibutyl tere.phthalRte 

0-Terphenyl/ CP/Ac-17 S = N.[2-[(2-Bromo-4.6~dinitrophenyl)azoJ-5- 81F609 

(C6HshO (50:50) [(2-cyanoethyl)(2-
hydroxyethyl )amino ]-4-methoxyphenylJacetarnide; 
kA = 0.47 n::1. tv kA ill uHJutyl tClcphthalatc. 

(C6HShl (C6HshO CP/Ac-17 S = N-[2-(2-Bromo-4,6-dinitrophenyl)azo]-5- 81F609 

(25:75) [(2-cyanoethy 1)(2-
hydroxyethyl)amino]-4-methoxyphenyl]acetarnide; 
kA = 0.3 reI. to kA in dibutyl terephthalate. 

C6H6 2 x 108 (kr) CP/A'c-17 S = A' = Rub; used kr A' = 4.2 x 107 L morl 
8-

1
; 763011 

A' meas. klkr = 4 . 

CC14 2 X lOS (kr) CP/A'c-17 .5 = A' = Rub; UlSt:U k/' = 4.2 X 107 L 11101-
1 

s-l; 763011 
A' meas. klke = 4. 

CC14 2 X 108 (kr) CP/A'c-24 S = A' = Rub; used kA, = 4.2 X 107 L mol-1 s-l; kr 763011 

2 x 109 (kq) and kq derived using (klkA') = 54, (klk/,) = 4. 
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TAijLE7.Rate constants for the interaction of singlet oxygen with porphyrins, phthalocyanines and polypyrroles. - Continued 

Solvent k P (kJk) T Method Comment Ref. 
- (Lmor1 s-l) (mol L-1) (K) 

~~~~-~-.~------------------------------------------------------------------------~-------------------
. JnUIl~-8,12-dipropanojc acid, 2,17~diethenyl-l,lO,19,22,23,24-hexahydro-3,7,13,18-tetramethyl-l,19-dioxo- (Bilirubin, DR) - Continued 

CHCl3 2.8 x 109 CP/Ac-15 S = RBCE; "-r derived using ~isc(S) = 0.36. 79F104 
3.8 x 108 (lcr) 

CHCl3 

CHCl3 

CHCl3 

CHCl3/MeOH 
(90:10) 

CHCI3/MeOH 
(90:10) 

CH2C12 

CICF2CCl2F 

0 20 
pO= 8.4 

.020 
pD=8.4 

O2° (rnic) 
pD=8.4 

D20 (rnic) 
pD = 8.4 

°2°/EtOH 

H20 

MeOH 

2.1 X 108:(lcr) 

1.3 X 109 

1.5 x 109 . 

4.3 x 108 (Icr) 

1.3 x 109 

4.3 x 108 (Icr) 

5.0 x 1011 (A,.) 

5.0 x 109 (kq) 

1 x 108 (kr) 

3.2 X 109 

Ix 109 ("-r) 
4.7 x 109 (kq) 

2.1 X 109 
. 

2.S X 108 (kc) 

8 X 10-6 296 

6.7 X 10-6 

3.1 X 10-5 296 

308 

293 

293 

293 

293 

310 

30S 

CP/Ac,A/c-17 S = MB; A' = DPBF; used k/ = 7 X 108 Lmol-1 

s-I; meas. k/k/' = 0.30. 
753071 

CP/Ac-15 

CP/A/c-16 

CPI Ac,P' a-17 

CP/Ac-15 

CP/Ac-14 

CRlAc-19 

CUAd-36 

PUAd-5 

C~( (\c,A' c~ 17 

CPI Ac,A' c-17 

CUAd-37 

CRlLI-12 

CRlAc-19 

CP/Ac-15 

S = MB; used kd = 1.0 X 104 s-l. 753071 

S = MB; A' = DPBF; used kd = 1.0 X 104 s-l. 753071 

S = MB; A' = TME; used krA' = 4.S X 107 L mol-I 753071 
s-l; meas. k/krA: = 9.0. 

S = RB; used ~ = 3.9 X 104
8-

1
• 753071 

S = RB; kr derived using kA = 2.5 X 109 L mor1 753071 
·1 -

s and ~isc(S) = 0.66. 

A' -- MNP02; used kd - 1 x 104 s~l, k A,.- 8.5 x 83A317 
107 L morl S-I; 102* from MNP02. 

high pressure 02; Icr derived using k02 = 2.7 x 777129 
103 Lmol-1 s-l; Previous value by same workers 
[747103] low due to overdepletion of A in 
solution exposed directly to laser beam. 

S=RB. 79All1 

S = RB; A' = DPBF; used "-r A' = 8 X 108 L mol-1 79Al11 
-I - - A: _ ' 

s ; meas. k/kc = 0.4. 

S = RB; A' = DPBF; meas. k/k/' = 0.44; 0.1 mol SON018 
L-1 SDS. 

A' = DPBF; meas. kAlkA' = 0.13; high pressure 
oxygen (0.195 mol L-1); 0.1 mol L-1 SDS. 

80N018 

used kd = 1 X 105 S-l; 102* from NDP02. 89R188 

A' = MNP02; used kd = 3 X 105 s-l, kA, = 9.0 x 83A317 
108 L mol-1 s-l; 102* from MNP02; in the 
presence of excess albumin kq = 1.9 X 109 and kc 
= 8.4 X 108 L mol-1 s-l. 

S = RB; used kd = 1.4 X 105 8-1; kcderived using 79FI04 
~isc(S) = 0.76. 

",t -lJlUne-8,12-dipropanoic acid, 2,17-diethenyl-l,lO,19,22,23,24-hexahydro-3,7,13,18-tetramethyl-l,19.dioxo-, dimethyl ester (Bilirubin IX 
~Ihyl ester) 

CHCl3 1.8 X 109 

6.7 x 108 <AT) 

MeOH 2.3 x 109 

5.5 X 108 (kr) 

CP/Ac-15 

CP/Ac-15 

S = RBCE; used kd = 1.7 X 104 S-I; krderived 
using lfIisc(S) ..... 0.36. 

S = RB; used kd = 1.4 X 105 8-1; Icrderived using 
$isc(S) = 0.76. 

'1.7 ·IJlline-8,12-dipropanoic aCid, 2,17-diethenyl-l,19,22,24-tetrahydro-3,7,13,18-tetramethyl-l,19-dioxo- (Biliverdin) 

78F701 

78F701 

CH2Cl2 4.6 x 109 308 CRlAc-19 A' = BRH2; used kd = 1 X 104 s-l, kA, = 5.0 X 108 83A317 
Lmor1.s-l; 102* from MNP02. 

CHCl3 1.7 X 109 CP/Ac-15 S = RBCE; used kd = 1.7 X 104 s-l; "-r derived 78F701 
1.9 x 106 (Icc) using <Pisc(S) = 0.36. 

CHCl3 :::;3 x 106 (kr) CP/Ac,A/c-17 S = A' = Rub; used k/' = 4.2 X 107 L mol-1 s-l; 763011 
A' 

CHCl3 3.3 X 109 5 X 10-6 

D20 9.1 X 108 310 
pD= 11.2 

D20 1.1 X 109 310 
pD = 11.2 

CP/Nc-23 

CRlA/c-32 

CRlA'c-32 

meas. k/"-r = g).07 . 

. S=A'=Rub; usedkd= l.4x 104 s-1. 

A' = DPBF; used kd = 1.5 X 104
8-1; 102* from 

DopamineIH20 2 • 

A' = DPBF; used kd = 1.5 X 104
8-1; 102* from 

DOPAlH20 2· 

763011 

89M038 

89M038 
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TABLE 7. Rate constants for the interaction of singlet oxygen with porphyrins, phthalocyanines and polypyrroles. - Continued 

Solvent Ii (kdlk) 
(mol L- I ) 

T Method Comment 
(K) 

Ref. 

7.7 Biline-S,12-dipropanoic acid, 2,17 -diethenyl-l,19,22,24-tetrahydro.3,7 ,13,18-tetramethyl-l,19-dioxo- (Biliverdin) - Continued 

0 20 5.1 x 1010 CUA/d·16 A' = BR2-; used kd = 5.0 X 104 s-l; high pressure 777]29 
pO = 8.4 02' 

O2° 3.0 X 108 (kr) CUAd-35 used kd = 5.0 X 104 S-1; high pressure 02; kr 
pD= 8.4 derived using kA = 5.1 X 1010 L mol-1 s-l. 

0 20 5 X 108 (kr) CUAd-35 used kd = 5.0 X 104 s-1; high pressure 02; kr 
DO = 13.4 derived using kA = 1.5 x 1010 L mol-l JO:-l . 

D20 1.5 X 1010 CUA'd-16 A' = BR2-; used kd = 5.0 X 104 s-l; high pressure 
pO = 13.4 °2' 

D20 4.0 X 108 (kr) CUAd-35 used kd = 5.0 X 104 S-I; high pressure 02; kr 
pD = 1l.8 derived using kA = 6 X 1010 L morl s-l. 

0 20 6 X 1010 CUA'd-16 A' = BR2-; used kd = 5.0 X 104 s-l; high pressure 
pO = ll.8 °2' 

°201EtOH 2.3 x 109 310 CRILl· 12 used kd = 1 x 105 S-I; 102'" from NDP02, 

H2O 5 X 109 CRlLI-12 used kd = 5 X 104 s-l; 102* from NaOCUHz0 2. 

pH = 10.5 

MeOH SAx 109 CP/Ae-1S S = RB; used krJ -104 x lOS s-I; krderived using 
2.4 X 106 (kr) cjlisc(S) = 0.76. 

MeOHl H20 (95:5) 4x 109 310 CRlLI-12 used kd = 1.8 X lOS s-l; soln. cont. 0.05 mol L-I 

MeONa and 5 x 10-4 mol L -1 CoCI2• 102* from 
autoxidation of oxytetracyclIne. 

777129 

777129 

777129 

777129 

777129 

89R188 

87M341 

78F701 

92M228 

7.8 Biline-8,12-dipropanoic acid, 2,17-diethenyl-l,19,22,24-tetrahydro-3,7,13,lS-tetramethy1-1,19-dioxo-, dimethyl ester (Biliverdin dimethyl ester) 

CHCl3 1.4 x 109 CP/Ac-15 S = RBCE; used kd = 1.7 X 104 S-I; kr derived 78F701 
1.2 x 106 (kr) using 4>isc(S) = 0.36. 

CICF2CCl2F 6 x lOs (kr) CUA/d-35 A' = BRH2; high pressure 02; k derived using 777129 
8 x 108 (kq) k02 = 2.7 X 103 Lmol-1 s-l. 

CICF2CC12F 9x 108 CUA'd-16 A' = BRH2; high pressure 02; k derived using 777129 
k02 = 2.7 X 103 Lmor1 8-1. 

MeOH 3.3 x 109 CP/Ac-15 S = RB; used kd =1.4 x 105 s-I; krderived using 78F701 
1.6 x 106 (kr) cjlisc(S) = 0.76. 

7.9 .BiJine-S,12-dipropanoic acid, 2,17-diethy)·1,10,19,22,23,24·hexahydro·3,7 ,13,18-tetramethyJ.l,19-dioxo- (Me~obiJirubib ) 

CHCl3 2.8 X 109 CP/Ac-15 S = RBCE; used kd = 1.7 X 104 8-1; kr derived 78F70l 
5.9 x 108 (kr) using cjlisc(S) = 0.36. 

MeOH 2.5 x 109 CP/Ac-15 S = RB; used kd = 1.4 x 105 s-l; Soln. contg. 2% 78F701 
7.9 x 108 (kr) NH40H; krderived using cjlisc(S) = 0.76. 

7.10 Bilirubin ditaurate 

D2OlEtOH 1.2 x 109 310 CRlLI-12 used kd = 1 x 105 g-l; 102* from NDPOz. 89R188 

7.11 Chlorophyll a 

(C2HshO 1 x 108 PULd-2 S=A. 90E324 

CsDsN 9 x 107 PULd-2 S=A. 90E324 

CsHsN 5 x 107 0.02 293 CP/Oc-15 S = A; used kd = 1 X 105 S-I, 75F669 

C6H6 2.0 x 108 PULd-2 S=TPP. 93R23 1 

C6H6 7.3 x 108 CP/Oc-18 S = A; A' = 2M2P; used kd = 4 X 104
5-

1, I'A' = 
0.049 mol L-1

• 

88R136 

C6H6/EtOH 1.2 x 107 CP/Ac-19 S -- RB; A' "" Car; used kd = 1 x 105 $-1, 78F404 

(67:33) 

CC14 2 X 106 (kr) CP/Ac,A/c- S = TPP. TPBC or MP; A' = Tetr; kr derived 82A421 

14,27 using kA = 7 X 108 L mol-1 s-l.frN' = 1. 

CCl4 4 X 106 (kr) CP/Ac.A'c- S = A; A' = Tetr; kr derived using kA = 7 X 108 L 79AOIO 
14,27 morl s-I,f/' = I, cjlA = 0.55. 
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TABLE 7. Rate constants for the interactjpn of singlet oxygen with porphyrins, phthalocyanines and polypyrroles. - Continued 

~-:.~~~ 

-~, Solvent k P (kd1k) T Method Comment Ref. 
(L mol-I s-I) (mol L-I) (K) 

,>:if::: 

>'.]1 Cblorophyll a - Continued 

CCl4 7 x 108 MPILI-12 S = PP, TPP, Ph a or BChl a; used kd = 36 S-I; 77Ffj17 
also see [78E881, 78E892, 79AOlO]. 

EtOH 2.0x 107 5.0x 10-3 CP/Ac-15 S = RB; used kd = 1 x lOs S-I. 78F404 

<'fU Chloropbyll b 

C6~ 4.2 X 108 CP/Oc-18 S = A; A' = 2M2P; used kd = 4 X 104 s-I, PA' = 88R136 
0.049 mol L -I. 

CCl4 6 x lOs (kr) CP/Ac,A/c- S = TPP; TPBC or MP; A' = Tetr; kr derived 82A421 
14,27 using kA = 3 X 108 L mol-I s-I,f/' = 1. 

';~i'3· •. Cyanobemoalobin 

H2O 1.2 x 109 CP/Oc-19 S = MB; Q = N3"; used ksJ. = 5 X 108 L morl 8-
1

; 83A395 
pH=7.0 k = 1.1 X 109 L mol-I s-1 for subunit a. and 2.0 x 

109 L morl s-1 for subunit p. 

:';14 Hematoporpbyrin derivative 

MeOH 5.1 x 108 CP/Oc-16 S = A; A' = FFA; used kd = 9.6 X 104 s-I. 88R142 

,~,.U Hematoporphyrin-human serum mbumin (!omple'X: 

D20 7 X 108 PULd-2 S=A. 87A064 
pH = 7.4 

-"M6 Metbyl acetal of oxidized octaetbylpurpurin etbyl ester 

MeOH 1.2 x 108 PULd-2 S=A. 90E491 

',17 Napbtbalocyanine, bis(tribenzylsiloxy)silicon 

- CH2Cl2 1.5 X 108 PULd-2 S=A. 93E520 

1.18 Napbtbalocyanine, bis(tribexyloxysiloxy)silicon 

C6~ 1.1 x 1010 PULd-2 S=A. 88E657 

CHCl3 3.9 x 108 PULd-2 S=TPP. 90E731 
92R076 

1.19 Napbtbalocyanine, bis(tribexylsiloxy)tin 

CHCl3 5.3 x 109 PULd-2 S=TPP. 90E731 
92R076 

1;.20 Naphthalocyanine, bis(triisobntylsiloxy)silicon 

CH2C12 1.5 x 108 PULd-2 S=A. 93E520 

_'.21 Napbtbalocyanine, 1,6,lO,15,19,24,28,33-octabutoxy-, palladium(ll) 

C6~ 8.8 x 101;/ 295 PULd-2 S = PPDME; energy transfer. 93A380 

1.22 Naphthalocyanine,2,11,20,29-tetrakis(1,1-dimethylethyl)-

CHCl3 1.0 x 1010 PULd-2 S=TPP. 90E731 
92R076 

-1.23 Napbthalocyanine, 1,l0,19,28-tetraphenyl., bydroxyaluminum(lll) 

CHCl3 2.0x 109 PULd-2 S=TPP. 90E731 
92R076 

7.24 Napbtbalocyanine, trihexylsiloxyaluminum 

CHCl3 3.3 x 109 PULd-2 S=TPP. 90E731 
92R076 

7.25 Napbtbalocyanine, tribexylsiloxygallium 

CHCl3 1.1 x 1010 PULd-2 S=TPP. 90E731 
92R076 

J. Phvs. Chern. Ref. Data. Vol. 24. No.2. 1995 
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TABLE 7. Rate constants for the interaction of singlet oxygen with porphyrins, phthalocyanines and polypyrroles. Continued 

No. Solvent k 13 (kik) 
(L mol-l s-1) (mol L-1) 

T Method 
(K) 

Comment 

7.26 Pheophytin a 

C6H6 7.4 x 107 CP/Oc-18 S = A; A' = 2M2P; used kd = 4 X 104 S-l, 13A' = 
0.049 mol L-1. 

CCl4 1.4 X 104 (kr) CP/Ac,A/c- S = TPP, TPBC or MP; A' = Tetr; kr derived 
14,27 using kA = 2 X 107 L mo)-l s-l,f/' = 1. 

CCl4 1 x 104 (kr) CP/Ac,A/c- S = A; A' = Tetr; kr derived using kA = 2 X 107 L 
14,27 mor l 

8-1,f/ = 1. 

CCl4 2 x 107 MPILI-12 S = PP or BChl a; used kd = 36 s-l; also see 
[78E881,79AOIOJ. 

7.27 Pheophytin b 

C6H6 3.0x 107 CP/Oc-18 S;: A; A';: 2M2P; used kd = 4 x 104 s-l, f3A' = 
0.049 mol L-1• 

CC14 103 (kr ) CP/Ac,A'c- S = TPP, TPBC or MP; A' ;: Tetr; kr derived 
14,27 using kA ;: 5 X 106 LmoZ-1 S-l,/rA' ;: 1. 

7.28 20-Phorbinecarboxylic acid, 3,4-didehydro-3,4,8,9,13,14,18,19-octaethyl-18,19-dihydro-, ethyl ester (NTZH2) 

MeOH 1.5 x 108 PULd-2 S ;: A. 

7.29 20-Phorbinecarboxylic acid, 3,4-didehydro-3,4,8,9,13,14,18,19-octaethyl-18,19-dihydr0-, ethyl ester, dicblorotin(IV) 

MeOH 1 x 107 PULd-2 S;: A. 

7.30 20.Phorbinecarboxylic acid, 3,4,20,21-tetradehydro-3,4,8,9,13,14,18,19-octaethyl-18,19-dihydro-, ethyl ester (NT2) 

C6H6 -6x 107 PULd-2 S=A. 

MeOH 5 x 107 PULd-2 S ;: A. 

Ref. 

88R136 

82A42 I 

79AOI0 

77E617 

88R136 

82A421 

90FA91 

90E491 

88R200 

90E491 

7.31 20-Phorbinecarboxylic acid, 3,4,20,21-tetradehydro-4,9,14,19-tetraethyl.18,19-dihydro-3,S,13,lS-tetramethyl-, ethyl ester, zinc(ll) (ZnET2) 

C6H6 5.4 x 108 PULd-2 S ;: A. 88R200 

7.32 3-Phorbinepropanoic acid, 9-acetyl-14-ethyl-13,14-dihydro-21-(methoxycarbonyl)-4,8,13,lS-tetramethyl.20-oxo., 3,7,11,lS-tetramethyl-2-
hexadecenyl ester (Bacteriopheophytin a) 

(C2HshO 3 x 107 PULd-2 S ;: A. 90E324 

CC14 3 X 104 (kr) CP/Ac,A/c- S = TPP; A' = Tetr; kr derived using kA ;: 1.2 x 85F517 
14,27 107 L mor1 s-t,f/' = 1. 

CCl4 1.2 X lO7 MP/J.,I-12 S;: TPP; used kd = 39 S-I. 85F517 

CC14 107 MP/LI-12 S;: PP, Ph a or BChl a; used kd = 36 S-l; also see 77E617 
[78E881,79AOlO]. 

7.33 3-Phorbinepropanoic acid, 9-acetyl-14-ethylidene-13,14-dihydro-21-(methoxycarbonyl)-4,8,13,18-tetramethyl.20-oxo-, 3,7,11,lS-tetramethyl-
2-hexadecenyl ester (Bacteriopheophytin b) 

(C2HshO 1.9 x 108 PULd-2 S;: A. 90E324 

CsHsN 2.8 x 108 PULd-2 S=A. 

CCld 3 x 106 (k r) CP/Ac,A'c- S = TPP; A' = Tetr; kr derived using kA = 2 X 108 

14,27 L mol-1 s-1,f/' = 1. 

CC14 2 X 108 MP/LI-12,27 S = TPP; used kd ;: 39 s-l. 

7.34 3.Phorbinepropanoic acid. 3.4-didehydro-4.9-diethenyj·14.ethyl.21.(methoxycarhonyl)-4,8,13,18-tetramethyl.20-oxo-, magnesium(ll), 
3,7,1l,15-tetrametbyl-2-hexadecenyl ester (4-VinyiprotochlorophylJ) 

CCl4 :::;3 x 105 (kr) CP/Ac,A/c-

14,27 
S = TPP, TPBC or MP; A' = Tetr; kr derived 
using kA =:::;1 x 108 L mol-1 S-I,!/, = 1. 

90E324 

85F517 

85F517 

82A421 

7.35 3-Phorbinepropanoic acid, 3,4-didehydro-4,9-diethenyl-14.ethyl·21-(methoxycarbonyl).4,8,13,lS-tetramethyl"20-o"o-, 3,7,11,15-tetramethyl-
2-hexadecenyJ ester (4.VinyJprotopheophytin) 

CC14 -2 x 105 (kr) S = TPP, TPBC or MP; A' = Tetr; kr derived 
using kA - 2 x 108 L mol-1 s-l'/rA' = 1. 

82A421 
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TABLE 7. Rate constants for the interaction of singlet oxygen with porphyrins, phthalocyanines and polypyrroles. - Continued 

+~=~. =:,=:====!!!!!!!!~----~~--~~~""~-~"'iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii!ii~ 
<'J~;.. Solvent k ~ (kd1k) T Method Comment Ref. 

(L mol-1 s-l) (mol L -1) (K) 
~::'1%~-"'-' -----------------------------------------------

;'l~ ~\·I)horbinepropanoic acid, 3,4-didehydro-9-ethenyl-14-ethyl-21-(methoxycarbonyl)-4,8,13,18-tetramethyl-20-oxo-, 2-amino-2-
:,:.tthclxycarbonyl)ethyl ester, magnesium(lI), 

C6lIt; 2.4 x 108 PULd-2 S = TPP. 

D20 l.0 X 108 PULd-2 S = Ru(bpyh2+. 

:,~~,i1 3-)"horbinepropanoic acid, 3,4-didehydro-9-ethenyl-14-ethyl-21.(methoxycarbonyl)-4,S,13,lS-tetramethyl-20-oxo-, magnesium(ll) 
:.·~ochlorophyllide) 

C6~ 2.0 x 108 PULd-2 S = TPP. 

PULd-2 

93R231 

93R231 

93R231 

93R231 

if",'-rI 3·Pborbinepropanoic acid, 3,4-didehydro-9-ethenyl-14-ethyl-21-(metboxycarbonyl)-4,8,13,18-tetramethyl-20-oxo-, 3,7,11,15-tetrametbyl-2-
~~"'Ue(enyl ester (Protopheophytin) 

CCl4 _108 (kr) CP/Ac,A'c-
14,27 

MP/LI-12 

S = A; A' = Tetr; kr derived using kA = 2 X 108 L 
mol-1 s-I,f/1 = 1. 

79AOlO 

S = PP, Ph a or BChl a; used kll == 36 s-l; also see 77E617 
[78E881, 79AOlO] . 

.... ]'-,;~t.i ;,l,}'horbinepropanoic acid, 3,4-didehydro-9-ethenyl-14-ethyl.21-(methoxycarbonyl)-4,8,13,lS-tetramethyl-20-oxo-, magnesium(ll), 3,7,11,15. 
; MfnmethyJ-2-bexadecenyl ester (Protocblorophyll) 

CC14 ::;;106 (kr) 

. I"'thalocyanine, bis(lribenzylsiloxy)silicon 

CH2C12 1.4 x 107 

lAt . Phthalocyanine, bis(tripropylsiloxy)silicon 

CH2C12 1.6 x 107 

'. :~.~ ]'htbalocyanine,1,4,S,11,15,18,22,2S-octabutoxy. 

CHC13 5.9 x lO9 

,t"l Pbthalocyanine, sulfo-, chloroaluminum(DI) [AICl(tspc)] 

D20 <108 

pH=7 

'fA... Phthalocyanine, sulfo-, zinc(ll) 

D20 <108 

pH=7 

'1A~ Phthalocyanine, tetracarboxy-, copper(II) 

DMSO ;;:'1.4 x 109 

1 Ail J'hthalocyanine, 2,9,16,23-tetra(1,1-dimethylethyl)· 

C6F6 2 x 108 

)'orphine, (acetato)-5,10,15,20-tetraphenyl-, iron(ID) 

CCl4 <104 (kr) 

CP/Ac,A'c-
14,27 

MPILI-12 

PULd-2 

PUUi-2 

PULd-2 

PULd-2 

PULd·2 

C.P/Ac-lfl 

PULd-2 

1:'ULd-Z 

CP/Ac,A/c-
14,27 

MPILI-12 

S::: A; A' = Tetr; kr derived using kA =::;;1 x 108 L 79A01O 
mol-I s-l,f/' 1. 

S::: pp, Ph a or BChl a; used kd::: 36 S-I; also see 
[78:8881,79AOIO] . 

S=A. 

S=A. 

S:::TPP. 

S = A; No measurable effect; soln. contg. 2 x 
10-3 mol L -I phosphate buffer and 1 % NaCI 
wt/wt. . 

S ::: A; No measurable effect; soln. contg. 2 X 
10-3 mol L -1 phosphate buffer and 1% NaCl 
wtlwt. 

S ::: Fullerene-C70• 

~:::TPP. 

s = TPP. TPBC or MP; A' ::; Tete; kr derived 
using kA = 1.5 X 109 L morl s-I,f/' ::; 1. 

S::: TPP; used kd::: 36 5-1, 

77E617 

93E520 

93E520 

90E731 
92R076 

90A022 

90A022 

89F260 

93E301 

YUJ::H::Sl 
92R076 

82A421 

78E892 
79AOlO 
80E548 

J. Phvs. Chern. Ref. Data. Vol. 24. No.2. 1995 
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TABLE 7. Rate constants for the interaction of singlet oxygen with porphyrins, phthalocyanines and polypyrroles. - C~ntinued 

No. Solvent k ~ (kik) T Method Comment Ref. 
(L mol-I s-I) (mol L-I) (K) 

7.48 Porphine, (acetato)-5,10,15,20-tetraphenyl-, manganese(lII) 

CCl4 2.5 x 108 MP/LI-12 S = TPP; used kd = 36 s-I. 80E548 

7.49 Porphine, (chi oro )-5,1 0,15,20-tetraphenyl-, iron(lII) 

CCl4 1 x 109 MP/LI-12 S = TPP; used kd = 36 s-l. 80E548 

7.50 Porphine, 2,3-dihYdro-5,10,15,20-tetraphenyl- (Tetraphenylchlorin) 

CCl4 1.2 x 102 (kr) CP/Ac,A'c- S = TPP, TPBC or MP; A' = Tetr; k.r derived 82A421 
14,27 using kA = 2 X 106 L mol-1 s-I,frA' = 1. 

CC14 2x 106 MP/LI-12 S = TPP; used kd = 36 S-I. 79F824 

7.51 Porphine, 2,3-dihydro-5,lO,15,20-tctraphenyl-, cadmium(IJ) 

CCl4 7 X 109 MPILI-12 S = TPP; used kd = 36 S-I. 79F824 

7.52 Porphine, 2,3-dihydro·5,10,15,20.tetraphenyl-, copper(ll) 

CCl4 2x 107 MPILI-12 S = TPP; used kd = 36 s-I. 79F824 

7.53 Porphine, 2,3-dihydro-5,10,15,20-tetraphenyl-, zinc(lI) 

CsHsN 6x 108 

<I x 105 (kr) 
CP/A'c-16.17 S = TPBC: A' ;:: Tetr: used kd = 6.3 X 104 s-1. kA' 

= 7 x 106 L morl s-I. 
86F610 

C6H6 6x 109 CP/A'c-16,17 S = TPBC; A' = Tetr; used kd = 3.3 X 104 s-I, kA, 86F610 
2.5 x 107 (k.r) = 7 x 106 L morl s-l. 

CC14 4x 109 CP/A'c-16,17 S = TPBC~ A' = Tetr~ used kd ;:: 36 s-I, kA' = 7 x 86F610 
2 x 108 (kr) 106 L mol-1 s-l. 

CCl4 ·2 X 108 (kr) CP/Ac,A'c- S = TPP, TPBC or MP; A' = Tetr; k.r derived 82A421 
14.27 w;;ing KA = 4.0 X 109 L mo1-1 So-I.lrA' = L 

CCl4 2 X 108 (kr) CP/Ac,A'c- S = PP, Ph a or BChl a; A' = Tetr; used kd = 36 79AOIO 
14,27 s-I, kA, = 5 X 106 L morl s-l; kr derived using kA 

= 4.0 X 109 L mol-I s-I,//' = 1. 

CC14 4x 109 CP/LJ-12 S = PP, TPP, Ph a or BChl a; used kd = 36 s-l. 78E892 
79AOlO 

CH3COCH3 1 x 109 

8 x 105 (k,) 
CP/A'c-16,17 S = TPBC~ A';:: Tetr~ used kd ;:: 2.0 X 104 S-I, kA, 

= 7 x 106 L mol-I s-I. 
86F610 

7.54 Porphine, 7,8,17 ,18·tetrahydro-5,10,15,20·tetraphenyl-, (E) (Tetraphenylbacteriochlorin-trans, TPBC) 

CCl4 1 x 108 MP/LI-12 S = PP, TPP, Ph a or BChl a; used kd = 36 s-I; 78E881 
also see [78E892, 79AOIO]. 

CC14 1.5 x 105 (kr) CP/Ac,A'c- S ;:: TPP, TPBC or MP; A' = Tetr; kr derived 82A421 
14,27 using kA = 1 X 108 L mol-1 s-I,f/, = 1. 

CC14 2 X 105 (kr) CP/Ac,A'c- S = PP, Ph a or BChl a; A' = Tetr; kr derived 78E892 
14,27 using kA = 1 X 108 L mol-l s-I,f/' = 1. 79AOI0 

7.55 Porphine, 5,10,15,20·tetrakis(4.iodophenyl)-, copper(ll) 

CC14 2x 107 MPILI-12 S = TPP; used kd = 36 g-l. 79F&?4 

7.56 Porphine, 5,10,15,20-tetrakis(4.methoxyphenyl)-, copper (II) 

CC14 2 x 107 MP/LJ-12 S = TPP; used kd = 36 s-l. 79F824 

7.57 Porphine, 5,1 O,15,20-tetrakis( 4-sulfonatophenyl)- (H2 TPPs"l 

D20 <108 PULd-2 S = A; No measurable effect; soln. contg. 2 x 90A022 

pH=7 10-3 mol L -1 phosphate buffer and 1 % NaCI 
wtlwt. 

7.58 Porphine, 5,10,15,20-tetrakis( 4-sulfonatophenylh dichlorotin(lV) 

D20 <108 PULd-2 S = A; No measurable effect; soln. contg. 2 x 90A022 

pH=7 10-3 mol L-I phosphate buffer and 1% NaCI 
wtlwt. 
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TABLE 7. Rate constants for the interaction of singlet oxygen with porphyrins, phthalocyanines and polypyrroles. - Continued 

r" 

,;;o;\I.:it#il:T 

~~. Solvent k 13 (kdlk) T Method Comment Ref. 
(L mol-I s-I) (mol L-1) (K) 

~~~~¥~~. 

.~;;*9 Jlorphine, 5,lO,15,20·tetraphenyl. (TPP) 

C6D6 6x 107 PULd-2 S=MPDME. 83E235 

C6~ 4.4 x 107 CP/Oc-18 S = A; A' = 2M2P; used kd = 4 X 104 S-I, 13A' = 88R136 
0.049 mol L -I. 

CCl4 9x 106 286 CP/Oc-29 S = A; A' = 2,3-Dihydrofuran~ used kA, = 1.5 x 
106 L mol-1 S-I; meas. kAlkA' = 6.0. 

91F163 

CCl4 2.9 X 107 286 CP/Oc-29 S = A; A' = TME; used kd = 1.4 X 103 s-l, 13A' = 
1.0 x 10-4 mol L -I. 

84F065 

CCl4 2.2 X 107 286 CP/Oc-29 S = A; A' = DMHD; meas. kA/k/' = 220, used 84F335 
"-r A' = 1.0 X 105 L mol-I s-I. 

CC14 30 ("-c) CP/Ac,A/c- s = TPP, TPBC or MP; A' ... Tetr; kr derived 82A421 
14,27 using kA = 9 X lO'5 L morl s-I,f/' = 1. 

CC14 106 MP/LI-12 S = PP, TPP, Ph a or BChl a; used kel = 36 s-l; 78E881 
also see [78E892, 79AOIO]. 

CCl4 3 x 102 (kr) CP/Ac,A/c- S = A; A' = Tetr; used kd 36 s-l; Icrderived 78E892 
14,27 using kA = 1 X 106 L mol-1 s-1 ,// = 1. 79AOI0 

CH2C12 1.4 x 107 286 CP/Oc-29 S A; A' = 2,3~Dihydrofuran; used kA' = 3.2 x 91F163 
IOn L mol-I 1'-1; mCClS. kAlkA' -- 4.5. 

CH2Cl2 1.7 x 107 286 CP/Oc-29 S = A; A' = TME; used kd = 9.5 X 103 s-I, 13A' = 84F065 
4.0x 10-4 mol L-1• 

CH2C12 2.4 X 107 286 CP/Oc-29 S = A; A' = DMHD; meas. kAlkA' = 8; meas. 84F335 
kA/k/' = 28, used "-r A' = 8.6 X 105 L mol-I S-I. 

CHCl3 2.1 X 107 286 CP/Oc-29 S = A; A' = 2,3-Dihydrofuran; used kA' = 1.0 x 91F163 
106 L mol-I s-I; meas. kAlkA' = 20. 

CHCl3 3.0 X 107 286 CP/Oc-29 S = A; A' =TME; used kd = 1.7 X 104 s-l, 13A' = 
3.6 x 10-4 mol L-I. 

84F065 

CHCl3 1.9 X 107 286 CP/Oc-29 S = A; A' = DMHD; meas. kAl"-r A' = 40, used kr
A' 

= 4.5 x 105 L mol-I S-I. 

84F335 

. 'tJiO Porphine, 5,lO,15,20-tetraphenyl., cadmium(ll) 

CCl4 3 x 106 (kr) CP/Ac,A/c- S = TPP, TPBC or MP; A' = Tetr; kr derived 82A421 
14,27 using kA = 6.0 x 108 L mol-I s-I,//' = 1. 

CCl4 6 X 108 MPILI-12 S = TPP; used kd = 36 S-I. 79F824 

;.61 Porph~ne, 5,lO,15,20·tetraphenyl., chioroaiuminum(lll) 

CC14 1 x 107 MPILI-12 S = TPP; used kd = 36 S-I. 80E548 

'1.62. .Porphine, 5,lO,15,20·tetraphenyl., cobalt(ll) 

CC14 <104 (Jr,) C'.P/Ac,A/c_ !': = TPP, TPBC or MP; A' = Tetr; k. derived 82A421 
14,27 using kA = 2.0 X 109 Lmol-1 s-l,frA' = 1. 

CCI4 2x 109 MP/LI-12 S = PP, Ph a or BChl a; used kd = 36 s-I. 79AOlO 

CC14 2x 109 MPILI-12 S = TPP; used kd = 36 s-l. 78E892 

CH3COCH31 H2O 3 x 108 PULd-2 S=PdMP. 82A412 
(95:5) 

7.63 Porphine, 5,lO,15,20.tetraphenyl., copper(ll) 

CCl4 <40 (kr) CP/Ac,A/c- S = TPP, TPBC or MP; A' = Tetr; kr derived 82A421 
14,27 using kA = 4 X 106 L morl s-I,f/' = 1. 

CCl4 5x 106 MP/LI-12 S = PP, TPP, Ph a or BChl a; used kd = 36 s-l. 78E892 
79AOlO 

7.64 Porphine, 5,lO,15,20.tetraphenyl., dichlorotin(IV) 

CCl4 2x 106 MP/LI-12 S = TPP; used kd = 36 s-l. 80E548 

I D ..... ~ f' ...... "" D .... f n~t~ Unl ?4 Nn ? 1 QQ!=i 
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TABLE 7. Rate constants for the interaction of singlet oxygen with porphyrins, phthalocyanines and polypyrroles. - Continued 

No. Solvent k P (kd/k) T Method Comment 
(Lmor1 S-I) (mol L-1) (K) 

7.65 Porphine, 5,10,15,20.tetraphenyl., magnesium(ll) 

C6~ 5.0 x 108 CP/Oc-18 S = A; A' = 2M2P; used kd = 4 X 104 s-l, PA' = 
0.049 mol L-1. 

C6~ 1.2 X 109 MP/Ac-33 S = A; used kd = 4.2 X 104 s-l, kA' = 1.7 X 108 L 
mol-1 S-I; A' = a-Tocopherol. 

CC14 6 x 106 (kr) CP/Ac,A/c- S = TPP, TPBC or MP; A' = Tetr; kr derived 
14,27 using kA = S.O X 108 L mor1 s-I,f/' = 1. 

CC14 8 X 108 MPILI-12 S = TPP; used kd = 36 S-I. 

CH2Cl2 1 x 108 MP/Ac-14 S = A; used kd = 9.5 X 103 s-l. 

CH2Cl2 2.3 x 109 MP/Ac-33 S = A; Q = Car; used kd = 9.5 X 103 s-l, ~= 8.5 
x 109 L mol-1 5-1• 

CH2Cl2 4 X 107 (kr) MP/Ac-17 S A; A' = TME; used kr A' = 4.8 X 107 L morl 
S-I; meas. kr/k/ = 0.8. 

7.66 Porphine, 5,lO,15,20·tetraphenyl., manganese(lD) 

CC14 2.5 x 109 PULd-2 S=PdMP. 

7.67 Porphine, 5,10,lS,20-tetraphenyJ., nickeJ(II) 

CC14 <104 (kr) CP/Ac,A/c- S = TPP, TPBC or MP; A' = Tetr; kr derived 
14,27 using kA = 1.5 X 109 Lmol-1 s-I,f/' = 1. 

CCl4 2x 109 MP/LI-12 S = PP, TPP, Ph a or BChl a; used kd = 36 s-I. 

7.68 Porphine, 5,10,15,20·tetraphenyJ·, zioc(lI) 

C6H6 1.5 x 108 CP/Oc-18 S = A; A' = 2M2P; used kd = 4x 104 s-l, PA'= 
0.049 mol L-1• 

CCl4 8 x 103 (kr) CP/Ac,A/c- S = TPP, TPBC or MP; A' = Tetr; Icr derived 
14,27 using kA = 4 X 107 L morl s-I,f/ = 1. 

CCl4 4x 107 MPILI-12 S = PP, TPP, Ph a or BChl a; used kd = 36 s-l; see 
also [78E892, 79AOI0]. 

CCl4 1 x 104 (kr) CP/Ac,A/c- S = PP, Ph a or BChl a; A' = Tetr; used kd = 36 
14,27 s-'; krderived using kA =4x 107 Lmorl s-I,//' 

=1. 

7.69 Porphine, 5,10,lS,20-tetrapheoyl[Jl-oxobis., iron(ll) 

CC14 4x 107 MPILI-12. S = TPP; used kd = 36 s-l. 

7.70 Porphine, S,lO,IS,20.tetraphenyl(thiocyanato.S)., iron(III) 

CC14 1 x 109 MP/LI-12 S = TPP; used kd = 36 s-I. 

7.71 Porphine, zinc(ll) 

CC14 3 x 107 MPILI-12 S = TPP; used kd = 36 s-l. 

7.72 Porphine-2,18-dipropanoic acid, 7 ,12.bis(1.hydroxyethyl).3,8,13,17 .tetramethyl. (HemAtoporphyrin) 

MeOH 7.7 x 108 CP/Oc-16 S = A; A' = FFA; used kd = 9.6 X 104 S-I. 

MeOHlH2O 8.0 x 108 CP/Oc-16 S = A; A' = FFA; used kd = 1.7 x lOs s-l. 

(90:10) 

7.73 Porphine-2,18-d.ipropanoic acid, 7,12-d.iethenyl-3,8,13,17-tetramethyl- (Protoporphyrin, PP) 

DMAA 1.1 x 107 PlJLd-2 S = A. 

7.74 Porphine-2,18-d.ipropaooic acid, 7,12-diethenyl-3,8,13,17-tetramethyl-, acetatoferrate(lll), dimethyl ester [Fe:MPDME(OAc)] 

CsHsN 1 x 109 CP/LI-12 S = TPP; used kd = 3.3 X 104 s-I. 

CC14 lx109 MPILI-12 S=TPP;usedkd =36s-l. 

7.75 Porphine-2,18-d.ipropanoic acid, 7,12-d.iethenyl-3,8,13,17.tetramethyl-, cadmium(ll) (CdPP) 

CC14 4xl08 MP/LI-12 S=TPP;usedkd=36s-l
. 

Ref. 

88R136 

80F020 

82A421 

79F824 

SOF020 

SOF020 

SOF020 

82A412 

82A421 

78E892 
79AOIO 

88R136 

82A421 

78E881 

79AOlO 

80E548 

80E548 

79F824 

88R142 

88R142 

92E274 

SOE548 

SOE548 

79F824 
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TABLE 7. Rate constants for the interaction of singlet oxygen with porphyrins, phthalocyanines and polypyrroles. - Continued 

~~!r;ti!;:fL 
:i~~ Solvent k ~ (kd1k) T Method Comment Ref. 

(L mol-1 8-1) (mol L-1) (K) 
~!;i,;.~:,~,.~----,-----------------------------------------------
;)~~;:). ·1'orphine-2~18-dipropanoic acid, 7 ,12-diethenyl-3,8,13,17 -tetramethyl-, cobalt(D) (CoPP) 

CCl4 3.0 x 109 PULd-2 S = PdMP. 

MPILI-12 S = TPP; used kd = 36 s-l. 

l'orphine-2,18-dipropanoic acid, 7 ,12-diethenyl-3,8,13,17 -tetramethyl-, copper(D) (CuPp) 

CC14 5 x 106 MPILI-12 S = TPP; used kd = 36 s-1. 

;:~i~ Ilorphine-2,18-dipropanoic acid, 7 ,12-diethenyl-3,8,13,17 -tetramethyl-, dimethyl ester (PPDME) 

C6HsCl 1.0 x 109 PULd-2 S = TPP. 

C6~ 9.1 x 10' CP/Oc-18 S=A;A'=2M2P;usedkd=4xl04s-1'~A'= 
0.049 mol L-1. 

CCI4 5 x 103 (Icc) 

CCl4 5 x lOs 

CH2Cl2 3.0x 106 

CH2Cl2 8.6 x lOs 

CH2C12 8.3 x lOs 

CH3CN 1.5 x 107 (kr) 

CH3CN 4.7 x 108 

CH3C02C2Hs 6.7 x 106 

CH3COCH3 6.3 x 106 

CHC13 3.9 x 106 

OMAA L2x 107 

DMF 1.2 x 107 

2-OOH 3.9 x 108 

CP/Ac,A~c-

14,27 

MPILI-12 

PULd-2 

MPIPa-25 

MPIPa-25 

CPI Ac,A' c-17 

PULd-2 

PULd-2 

PULd-2 

PULd-2 

PULd-2 

PULd-2 

PULd-2 

S = TPP, TPBC or MP; A' = Tetr; k.r derived 
using kA = 5 x lOs L mol-1 s-l,lrA' = 1. 

S = TPP; used kd = 36 s-l. 

S=A. 

S = A; A' = Cholesterol; used kd = 1.4 X 104 s-l, 
kA, = 6.7 X 104 L mol-1 s-l; P = Dimethyl 7-
(formylmethylene )-7 ,8-dihydro-8-hydroxy-
3,8,13,17 tetramethyl-12-vinyl-2,18-
porphinedipropionate; and Dimethyl 7-ethenyl-
13-hydroxy-3,8,13,17-tetramethyl-12-
(oxoethylidene )porphine-2,18-dipropionate. 

S = A; A' = DABCO; used kd = 1.4 X 104 S-I, kA' 
= 3.3 x 107 L mor1 s-l; see above. 

S = MB; A' = DPBF; used k/' = 1.1 X 109 L 
mor1 s-l. 

S=TPP. 

S=A. 

S=A. 

S=A. 

S=A. 

S=A. 

S=TPP. 

·:'.79 Porphine-2,lS-dipropanoic acid, 7,IZ-diethenyl-3,8,lJ,17-tetramethyl·, dimethyl ester, Dickel(ll) (NiPPDME) 

CC4 2 x 109 MPILI-12 S = TPP; used kd = 36 s-1. 

1JO Porpbine-2,lB-dipropanoic acid, 7,12-diethenyl-3,8,13,17-tetramethyl., nickel(D} (NiPP) 

CC14 2.0 x 109 PULd-2 S=PdMP. 

MPILI-12 s = TPP; used kd = 36 s-1. 

'UU P6rphinc-2,18-dipropanoic acid, 7 ,12-dicthcnyl-3,8,13,17 -tctrmncthyl-, zinc (II) (ZnPP) 

CC14 2 x 103 (,I;.) CP/Ac,A'c- S = TPP, TPBC or MP; A' == Tetr; krderived 
14,27 using kA = 2 X 10' L morl s-I,J/' = 1. 

MPILI-12 S == TPP; used kd = 36 s-1. 

1.81 Porphine-2,lS·dipropanoic acid, 7,12-diethyl-3,8,13,17.tetramethyl., cobaJt(ll) (CoMP) 

CC14 3.0 x 109 PULd·2 S = PdMP. 

CH3COCH3' H2O 1.:; x 109 PULd-2 S==PdMP. 
(95:5) 

CHCl3 3.0x 109 PULd-2 S == MPDEE or PdMPDEE. 

CIICl3 2x 109 PULd-2 S""PdMP. 

82A412 

78E892 

79F824 

88A507 

88R136 

82A421 

79F824 

92E274 

82F018 

82F018 

88AS07 

88A507 

92E274 

92E274 

92E274 

92E274 

92E274 

88A507 

78E892 

82A412 

79F824 

82A421 

79F824 

82A412 

82A412 

81E472 

S2A412 

• rlll ••• _ "'"__ n .. , n..... \1 .... 1 I)A td.... I) 1001: 
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TABLE 7. Rate constants for the interaction of singlet oxygen with porphyrins, phthalocyanines and polypyrroles. - Continued 

No. Solvent . T Method Comment Ref. 
(K) 

7.S3 Porphine-2,1S-dipropanoic acid, 7 ,12-diethyl-3,S,13,17 -tetramethyl-, di[ 4-(diphenylmethylarninocarbonyl-2-nitrophenylmethyl] ester (MP
Nbb-N02) 

PULd-2 

PULd-2 

S = Zn(pc)(py)z. 

S=A. 

7.S4 Porphine-2,1S-dipropanoic acid, 7,12-diethyl-3,S,13,17-tetramethyJ., diethyl ester, manganese(ID) (MnMPDEE)· 

CH3COCH31 H20 l.5 X 109 PULd-2 S = PdMP. 
(95:5) 

7.S5 Porphine-2,1S-dipropanoic acid, 7 ,12-diethyl-3,S,13,17 -tetramethyl-, dimethyl ester (MPDME) 

CCl4 4 x 102 (kr) CP/Ac,A'c- S = TPP, TPBC or MP; A' = Tetr; kr derived 
14,27 using kA = 2 X 106 L mor1 8-1,f/' = 1. 

CCl4 3 X 106 MP/LJ-12 S = PP, Ph a or BChl a; used kd = 36 S-l. 

CC14 2 x 106 MP/LI-12 S = TPP; used kd = 36 s-1. 

CD3CN 2.2 x 107 PULd-2 S=A. 

CD3COCD3 1 x 107 PULd-2 S=A. 

CH2C12 l.4 x 107 PULd-2 S = Zn(pc)(py)z. 

CH3CN 2.5 x 107 PULd-2 S=A. 

CH3COCH3 4x 107 PULd-2 S=A. 

DCON(CD3)2 1.0 x 107 PULd-2 S=A. 

DMAA-d9 1.4 x 107 PULd-2 S=A. 

7.S6 Porphine-2,18-dipropanoic acid, 7 ,12-diethyl-3,8,13,17 -tetramethyl-, dimethyl ester, cobalt (II) (CoMPDME) 

CC14 3.0x 109 295 PULd-2 S = PdMPDME or MPDME; decay at 1588 run; 
decay at 1272 run gave 3.5 x 109• 

7.87 Porphine-l,lS-dipropanoic acid, 7 ,12-diethyl-3,8,13,17 -tetramethyl-, nickel(m (NiMP) 

CC14 2.0 x 109 PULd-2 S "" PdMP. 

CC14 2 x 109 MP/LI-12 S = TPP; used kd = 36 s-l. 

CH3COCH3/ H20 1.0 x 109 PULd-2 S PdMP. 
(95·.c;) 

91E134 

91E134 

82A412 

82A421 

79AOlO 

78E892 

83E235 

83E235 

91E134 

83E235 

83E235 

92E274 

92E274 

80E558 

82A412 

78E892 

82A412 

7.S8 Porphine-2,18-dipropanoic acid, 7-[2-( dimethylamino )-2-oxoethyl]-S-ethyl-7 ,8-dihydro-3,7 ,12,17 -tetramethyl, dimethyl ester, (Z) (CHLm 

CHC13 2 x 107 CULI-12 S' = A; used kd = 4.8 X 103 &-1. 90ROO6 

7.89 Porphine-2,IS-dipropanoic acid, 7-[2-(dimethylamino)-2-oxoethyl]-8-ethylidene-7,8-dihydro-3,7,12,17-tetramethyl, dimethyl ester (eHL!) 

CDC13 2.7 x 108 CUU-12 S = A; used kd = 1.1 X 102 &-1. 90ROO6 

CHC13 3.2 x 108 CUU-12 S = A; used kd = 4.8 X 103 S-l. 90ROO6 

7.90 Porphine-2,18-dipropanoic acid, 8-ethenyl-13-ethyl-3,7 ,12,17 -tetramethyl- (EVD) 

DMAA 2.3 x 107 PULd-2 S = A. 

2.2 x 107 PULd-2 S ==A. 

7.91 Porphine-2,18-dipropanoic acid, S-ethenyl-13-ethyl-3,7,12,17-tetramethyl-, dimethyl ester (EVDDME) 

DMAA 2.2 x 107 PULd·2 S = A. 

CH3COCH3 9.2 x 106 PULd-2 

DMAA 1.4 x 107 PULd-2 

DMAA-d9 1.4 x 107 PULd-2 

DMF 1.3 x 107 PULd-2 

7.93 Porphine-2,18-dipropanoic acid, 7-ethenyl-3,S,13,17-tetramethyl- (VD) 

DMAA 1.7 x 107 PULd-2 S=A. 

92E274 

92E274 

92E274 

92E274 

92E274 

92E274 

92E274 

92E274 

92E274 
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TABLE:]. Rate constants for the interaction of singlet oxygen with porphyrins, phthalocyanines and polypyrroles. - Continued 

".~~~;~============================================== 
Cf~. . Solvent k ~ (kik) T Method Comment Ref. 

(Lmor1 s-l) (mol L-1) (K) 
·, ... )i"";;;;r,;----------------------------------------------
.~~.,. })orphine-2,18-dipropanoic acid, 3,7,12,17-tetramethyl-, dimethyl ester (DPDME) 

CD3COCD3 6.9 x 106 PULd·2 

CDC13 

DMAA·~ 

PULd·2 

PULd·2 

lfll~ l~rphine-2,18-dipropanoic acid, 3,7,12,17-tetramethyl-, nickel(ll) (NiDP) 

CC14 2.0 x 109 PULd·2 

··11~I~rphine-2,t8-dipropanoic acid, 3,7,12,17-tetramethyl-, nickel(ll), bis(piperidine) 

CCl41 C·CSHlONH 2.0 x 108 PULd·2 
(~U:20) 

".'1 .' S.Porphinepropenoic acid, octaethyl., ethyl ester (NTW) 

S=A. 92E274 

S=A. 92E274 

S=A. 92E274 

S=MP. 82A412 

S=MP. 82A412 

MeOH 4.6 x 108 PULd·2 S=A. 90E491 

·~M (22]Porphyrin-(2.2.2.2), octaethyl-, (di-trans) 

C6~ 8x 109 PULd·2 S = A; reversible energy transfer, kreverse = 1.9 x 92E555 
109 L mol-1 s-l. 

5.,," [26] Porphyrin 

CHCl3 4.2x 108 CULI-12 S = A; used kd =4.8 x 103 s-l. 

:1~'OO [26]Porphyrin-(2.4.2.4), 2,3,10,11,16,17 ,24,2S-octaethyl-S,6,7 ,8,19,20,21,22-octadehydro-

C6~ 1.2 x 1010 PULd·2 S = ZnTPP. 

·.1.101 Pyrrol-2-one, 3,4-diethyl-l,5-dihydro-S-[(S-methylpyrrol-2-yl)methylene]-

CHCl3 1.5 x 109 CP/Ac·15 
8.0 x 108 (kr) 

S = RBCE; used kd = 1.7 X 104 S-I; kr derived 
using $isc(S) = 0.36. 

90E530 

92E555 

79FI04 

MeOH 8 X 108 

2.1 X 108 (kr) 
CP/Ac-15 S = RB; used kd = 1.4 x 105 s-l; kr derived using 79FI04 

$isc(S) = 0.76 . 

•• ·.jJ02 Pyrrol-2-one, 3,4-diethyl-S-[(4-ethyl.3,5-dimethylpyrrol-2-yl)methylene]-t,5-dihydro-

CHC13 4.2 x 109 CP/Ac-15 S = RBCE; used kd = 1.7 X 104 s-l; kr derived 
3.2 x 109 (kr) using $isc(S) = 0.36. 

ClCF2CC12F 7.5 x 108 (kr) 293 CUAd-36 high pressure O2; used /co2 = 2.5 X 103 L mol-1 

s-l. 

78F701 
79FI04 

79Al13 

6.6 X 108 

2.7 X 109 

293 PUAd-5 high -pressure 02' 79Al13 

CP/Ac-15 
1.4 X 109 (kr) 

1.103. Pyrrol-2-one, S-[(3,5-dimethylpyrrol-2-yl)methylene]-4-ethyl-l,5-dihydro-3-methyl-

CHC13 2.4 x 109 CP/Ac-15 
1.6 x 109 (k,) 

MeOH 1.1 X 109 CP/Ac-15 
6 X 108 (kr) 

1,104 Pyrrol-2-one, S-[(4,5-dimethylpyrrol-2-yl)methylene]-4-ethyl-t,5-dihydro-3-methyl-

CHCl3 2.5 x 109 CP/Ac-15 
1.7 x 109 (kr) 

MeOH CP/Ac-15 

S = RB; used kd = 1.4 x lOs s-l; k derived using 78F701 
~isc(S) = 0.76. 79FI04 

S = RBCE; used kd = 1.7 X 104 8-1; kr derived 
using $isc(S) = 0.36. 

79FI04 

S -- RB; used kd = 1.4 x lOS s-l; kc derived using 79F104 
$isc(S) = 0.76. 

S = RBCE; used kd = 1.7 X 104 s-I; kr derived 
using $isc(S) = 0.36. 

79FI04 

S = RB; used kd = 1.4 X 105 s-l; krderived using 79FI04 
lI>isc(S) = 0.76. 

• 1.10S Pyrro)-2-one, 3-ethenyl-S-[ (4-ethyl-3,5-dimethylpyrrol-2-yl)methylene ]-t,5-dihydro-4-methyJ-

CHCl3 2.2 x 109 CPI Ac-15 S = RBCE; kr derived using $isc(S) = 0.36. 
1.9 x 109 (kr) 

MeOH 3.1 X 109 CP/Ac-15 
1.2 X 109 (kr) 

79FI04 

79FI04 
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TABLE 7. Rate constants for the interaction of singlet oxygen with porphyrins, phthalocyanines and polypyrroles. - Continued 

No. Solvent T Method Comment 
(K) 

7.106 Pyrrol-2-one, 4-ethenyl-5-[ (4-ethyl-3,5-dimethylpyrrol-2-yl)methylene ]-1,5-dihydro-3-methyl-

CICF2CCl2F 6.7 x 108 (kr) 293 CUAd-36 high pressure 02; used k02 = 2.S x 103 L mol-I 
s-I. 

293 PUAd-S 

7.107 Pyrrol-2-one, 4-ethyl-l ,5-dihydro-3-methyl-5-[(5-methylpyrrol-2-yl)methylene]-

CICF2CCl2F 3.4 x 108 (kr) 293 CUAd-36 

7.108 Pyrrol-2-one, 5-[(4-ethyl-3,5-dimethylpyrrol-2-yJ)methylene]-1,5-dihydro-

CHC13 4.4 x 109 CI'/Ac-15 

3.0 x 109 (kr) 

CICF2CC12F 7 x 108 293 PUAd-S 

CICF2CC12F 7 x 108 (k.) 29~ CIJAd-~n 

MeOH 2x 108 CP/Ac-15 
1 x 108 (kr) 

high pressure °2, 

high pressure 02; used k02 = 2.S x 103 L mol-I 
-I s . 

S "" RBCE; uscd kd "" 1.7 x 104 a-I; kr derived 

using C\Jisc(S) = 0.36. 

high pressure °2, 

high pressure 02; used k02 = 2.5 x 103 L mol-1 

-I s . 

S = RB; used kd = 1.4 x 105 S-I; kr derived using 
C\Jisc(S) = 0.76. 

Ref. 

79A11l 

79Al1l 

79A1l3 

79F10IJ 

79A1l3 

79A113 

79FI04 
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TABLE 8. Rate constants for the interaction of singlet oxygen with aliphatic and alicyclic amines. 

~~c=========================================================================================== 
Solvent T Method Comment 

(K) 

_J S-Azabicyclo[3.2.1]octan-3-oJ, 8-methyl-, a-(hydroxymethyl)benzeneacetate (Atropine) 

CHCl3 4.3 x 107 2.3 X 10-4 CP/A'c-16 S = A' = Rub; used kd = 1 X 104 S-I. 

t,l Benzeneethanol, ~-phenyJ-a-pyrrolidinyJ-

C~ 1.4x10:l CP/Pa-16 

. l~' [1 ]Benzopyrano[6,7 ,8-ij]quinolizin-ll-one, 2,3,6,7-tetrahydro-

C6~ 8x 106 CP/A'c-33 

J.4 [1]Benzopyrano[6,7,8-ij]quinolizin-ll-one, 2,3,6,7 -tetrahydro-9-methyl-

C6H6 8 X 106 CP/A/c-33 

'.! Benzenemethanamine (BenzyJamine) 

CH3CN 1.7 X 106 PULd-2 

EtOH <1 x 109 273 CP/Oc-23 

MeOH 2.6 x lOs 0;34 CP/A/c-16 

2-PrOH 9.6 x 104 PULd-2 

1.6 Benzenemetbanamine, N,N-di(phenylmethyJ)- (Tribenzylamine) 

MeOHlC6H6 1.4 x 10-5 (Pr) 298 CRlA'c-17 
(67:33) 

•• 7 1,1' -Bipiperidine 

C6H6 1.7 x 107 PULd-2 

CF3CH2OH 2.4 x 105 PULd-2 

CH3CN 2.8 x 107 PULd-2 

2-PrOH 3.2 x 106 PULd-2 

1.8 1,1 '-Bipyrrolidine 

C~ 7.2x 108 PULd-2 

CF3CH2OH 2.2 x 106 PULd-2 

CH3CN 3.5 x 108 PULd-2 

2-PrOH 1.8 x 108 PULd-2 

tl.9 Brucine 

CHC13 3.9 x 108 2.6 x 10-5 CP/A'c-16 

8.10 1,4-Butanediamioe, N-(3-amioopropyl)- (Spermidine) 

CsHsN 1.0 x 107 (kc) CP/A'c-17 

8.11 1,4-Butanediamine, N,N-bis(3-aminopropyl)- (Spermine) 

CSH5N 1.2 x 107 (kr) CP/A'c-17 

8.12 Butylamine 

CHC13 2.4 x 105 CP/A'c-33 

EtOH <1 x 109 73 CP/Oc-23 

tU3 Butylamine"N,N-dibutyl-

c-C6H12 3 x 107 PULd-2 

S = RB; A' = DPBP; used kd = 4 X 104 S-I; P = 
Benzaldebyde. 

Unpublished data, E. Oliveros, M.T. Maurette 
and A. Braun . 

S = A' = Rub; used kd = 3.7 X 104 s-1; kA, not 
given. 

S = A' = Rub; used kd = 3.7 X 104 s-I; kA' not 
given. 

S=RB. 

S = MB; A' = 2,5-DMF; No measurable effect. 

S = RB; A' = DPBF; used kd = 9.0 X 104 s-l. 

S=RB. 

A' = Rub; used p/ = 1.4 x 10-3 mol L -1; 102* 
from (PhOhP03• 

S=Ac. 

S=RB. 

S=RB. 

S=RB. 

S=Ac. 

S=RB. 

S=RB. 

S=RB. 

S = A' = Rub; used kd = 1 X 104 s-l. 

S = A' = Rub; reI. to k = 2.5 X 107 L mort S-1 for 
DABCO. 

S = A' = Rub; rel. to k = 2.5 X 107 L mor1 S-1 for 
DABCO. 

S = A' = Rub; used kd = l.7 X 104 s-l. kA' = 5.3 x 
107 L morl S-I, 

S = MB; A' = 2,5-DMF; No measurable effect. 

S=2-ACN. 

Ref. 

84F670 

89F238 

89F238 

87F569 

87F569 

89E324 

72F518 

736061 

89E324 

80M378 

90E297 

90E297 

90E297 

90E297 

90E297 

90E297 

90E297 

90E297 

84F670 

92R313 

92R313 

777486 

72F518 

90N078 
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TABLE 8. Rate constants for the interaction of singlet oxygen with aliphatic and alicyclic amines. - Continued 

No. Solvent k ~ (kik) T Method Comment Ref. 
(Lmor1 s-1) (mol L-1) (K) 

8.13 Butylamine, N,N-dibutyl- - Continued 

CHC13 5.8 X 10' CP/A/C~33 S = A' = Rub; used kd = 1.7 X 104 
s-1, kA' = 5.3 x 777486 

107 Lmor1 s-1. 

EtOH <1 x 109 273 CP/Oc·23 S = MB; A' = 2,5-DMF; No measurable effect. 72F518 

8.14 Butylamine, N,N-dimethyl-

C6H6 4.4 x 108 PULd-2 S=Ac. 89E324 

CF3CH2OH 1.9 x 105 PULd-2 S=RB. 89E324 

CH3CN 2.7 x 108 PULd-2 S=RB. 89E324 

CH3COCH3 3.5 x 108 PULd-2 S=RB. 89E324 

2-PrOH 4.5 x 107 PULd-2 S=RB. 89E324 

8.15 teTt-Butylamine 

MeOH 6.6 x 105 0.14 CP/A'c-16 S = RB; A' = DPBF; used kd = 9.0 X 104 s-1. 736061 

8.16 Chimasorb 944 

C6H~MeOH 2.2 x 106 PUA/d-8 S = MB; A';:: DPl3F; k calcd. for repeating unit. 84A167· 
(80:20) 

CHC13 3.2 x 106 293 CP/A/c-33 S = A' = Rub; used kd = 1.7 X 104 s-1, kA' = 5.3 x 91P158 
107 L mol-1 s-l. 

8.17 Cyclohexylamine 

c-C6H12 (mic) 4.6 x 107 313 CP/A/c-16 S = Fl2-; A' = DPBF; used kd = 5.9 X 104 s-l; 80N021 
OAP reverse micelles. 

MeOH 2.9 x 107 313 CP/A/c-16 S = Fl2-; A' = DPBF; used kd = 1.4 X 105 s-1. 80N021 

MeOH 8.0x 104 1.1 CP/A/c-16 S = RB; A' = DPBF; used kd = 9.0 X 104 S-1. 736061 

8.18 2,3-Diazabicyclo[2.2.1]heptane,2,3-dimethyJ-

CHjCN 5.5 x 108 PULd-2 S ... RB. 90E297 

8.19 1,4-Diazabicyclo[2.2.2]octane (DAB CO) 

1-BuOH 4.5 x 106 0.012 CP/A'c-16 S RB; A' = OPBF; used kd = 5.2 X 104 S-I. 72F514 

C2HsC02CH3 2.5 x 108 293 PULd-2 S = Pz. and 2·ACN. 92E220 

CsHsN 3 x 108 CP/A'c-23 S = A' = Rub; used kd = 6.0 X 104 S-I, kA, = 4 x 743112 
107 L mol-I s-I. 

CsHsN 3.2 x 10-4 CP/Oc-20 S = RB; A' = (YHshN. 72F512 

CsHsN 2.3 x 10-4 CP/Oc-21 S = RB; A' = 2M2P. 72F512 

c·C6H12 2.1 x 107 PULd-2 S=2-ACN. 90N078 

c-C6H12 (mic) 5.0 x 108 313 CP/A/c-16 S = Fl2-; A' = DPBF; used kd = 5.9 X 104 S-I; 80N021 
OAP reverse micelles. 

1,2-C6H4CI2 MD/A'c-23 A' = Rub; meas. ~A/~A' = 6.2. 68F285 

C6IISDr 2.6 x 107 273 MD/A'c-33 A' = Rub; used ka = 1.3 x 104 s-l, kA~ "" 4.0 x 107 737333 
L moI-1 g-I; meas. kI[kd/[A'] + kA,] = 0.2 at [A'] 
= 1.5 x 10-4 mol L-1• 

C6HSBr MD/A'c-23 A' = DPBF; meas. ~A/~A' = 0.68. 68F285 

C6HSCH3 2.4 x 108 293 PULd-2 S Pzand 2-ACN. 92E220 

C6HSCH3 2.2 x 108 298 PULd-2 S = TPP; 6,V:j: = -17 cm3 mol-I; studied at 0.1- 91A271 
120MPa. 

C6HSCH3 2.1 x 108 PULd-2 S = 2·ACN; Ml:j: =-7 kJ mol-I; DoS:!: = -126 J 88A427 
K-1 mor l ; Ea = -4 kJ mol-I; studied at 183-363 84E066 
K; pre-exciplex-equilibrium limit activation 
parameters. 

C6HSCH3 6.7 x 108 CP/A'c-25 S = A' = Rub; used kd = 1 X 105 S-l, kA, = 1.7 x 752063 
108 L mol-1 s-l. 



RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION 819 

TABLE 8. Rate constants for the interaction of singlet oxygen with aliphatic and alicyclic amines. - Continued 

~;t'"~~c Solvent k P (k"k) T Method Comment Ref. 
-';, (L mol-1 8-1) (mol L-1) . (K) 
':;;~:'~:4i~~ 
~; ...;-:. 

\"0 1,4-Diazabicyclo[2.z.2)oc.tanc (DAB CO) - Contin~ 
Ji/ 

C6HsCH3 CP/A'c-23 S = A' = Rub; meas. PA/PA' == 0.23. 68F285 

C6HsCN 3.7 x 108 298 PULd-2 S = MB; ,6,V:j: = -10 cm3 mol-I; studied at 0.1- 91A271 
1'20MP::l 

C6~ 2.9 x 108 PULd-2 S=2-ACN. 93N051 

C6~ 2.9 x 108 PULd-2 S == TPP and ZnTPP. 92F251 

C6~ 2.6 x 108 298 CP/Ac,A'c-23 S = A' == Rub; used kd = 4.2 X 104 s-I, kA' = 4.2 x 90F360 
2.7 x 108 (kq) 107 L mol-1 S-l. 

C6~ 2.6 x 108 PULd-2 S =2-ACN. 84E066 

C6~ 1.4 x 107 2.9 x 10-3 CP/Ac-16 S == A' == l,2-Diphenyl-4- 78F438 
methylcyclopenta{b ]quinoline; used kd = 4.2 X 
104 s-1• 

C6~ 9.6 X 10-4 CPIP'a-20 S = ZnTPP; A' == 2M2P. 727028 

C6Hu'MeOH 1.6 x 107 298 CPlP'a-20 S = MB; A' = 2M2P; used kd = 1.0 x 104 S-l.JjA' 70F734 
(80:20) = 0.040 mol L-1• 

CC14 4.7 X 107 295 PULd-2 S = PdMPDME or MPDME; decay at 1588 nm; 80E558 
decay at 1272 nm gave 5 x 107 L mol-I s-l. 

CCl4 7x 106 MPILI-12 S = PP~Ph aorBPha; used kd == 36 s-l. 79A010 

CC14 6.6>d06 MPILI-12 S == Ret; used kd = 36 S-I. 79F463 
78F700 

CF3CH2OH 4.4 x 104 PULd-2 S=RB. 89E324 

CH2Cl2 8.3 x 107 298 PULd-2 S = MB; ,6,V* =-15 cm3 mol-I; studied at 0.1- 91A271 
120 MPa. 

CH2C12/ MeOHl 3.3 x 10' 298 CRlA'c-32 A' = Rub; used kd == 8 X 103 S-I, kA' =7.3 x 107 L 747341 
CsHsN (90:5:5) morl s-l; 102* from (PhOhP03• 

CH2Cl21 MeOHl 3.3 x 10' 298 CRlA'c-32 A' = Rub; used kd == 7.3 X 103 s-I,kA, = 7 X 107 L 727319 
CsHsN (94:3:3) mol-1 j:;-I; 10:* from (PhO),PO, 

CH3CN 4.0 x 108 298 PllLd-2 S == MB; ,6, V; = -11 cm3 mol-I; studied at 0.1- 91A271 
120MPa. 

CH3CN 5.5 x 108 298 CP/P'a-17 S == DCA; A' = 2,3-Diphenyl-l,4-dioxene; used 91A311 
k/' = 1.7 X 107 Lmorl S-1. 

CH3CN 4.9x 108 PULd-2 S==RB. 89E324 

CH3CN 4.0x 108 PllLd-2 S=2-ACN. 84E066 

CH3COCH3 1.8 x 108 298 PULd-2 S = MB; ,6,Vt == -15 cm3 mol-I; studied at 0.1- 91A271 
120MPa. 

CH3COCH3 3.8 x 108 PULd-2 S=2-ACN. 84E066 

CH3COCH3 4.5 x 108 PULd-2 S==MPDME. 83E235 

CHC13 3.5 x 10' 298 PULd-2 S == MB; ,6,Vt = -19 cm3 mol-I; studied at 0.1- 91A271 
120MPa. 

CHCl3 1.8 x 107 CPlA'c-33 S -A' ... Rub; used kd "", 1.7 x 104 s-l, kA' "" 5.3 x 88P313 
10' L morl 8-1• 

CHCl3 5.8 X 107 1.7 X 10-4 CP/A'c-16 S == A' == Rub; used kd = 1 X 104 s-l. 84F670 

CHC13 2.0 x 107 PULd-2 S = MPDEE or PdMPDEE. 81A327 

CHC13 4.7 x 107 PULd-2 S = MPDEE or PdMPDEE. 81E472 

CHC13 5.2x 10' CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-1, kA, == 5.3 x 777486 
10' L mol-J s-I, 

C~ 1.7 X 10-4 CPlP'a-20 . S == ZnTPP; A' = 2M2P. 727028 

ClCF2CC12F 2.1 x 10' 298 FPILd-2 S=Per. 82A322 

D20 (mic) 1.4 x 106 294 PUA'd-5 S = 2-ACN; A' = DPBF; 0.1 mol L-1 SDS or 81N048 
pD= 7.4 CTAB. 

EtOH 5.0x 106 PULd-2 S==2-ACN. 84E066 

I Dh,,~ ~hc.m Ac.f nAtA. Vnl. 24. NO.2. 1995 
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TABLE 8. Rate constants for the interaction of singlet oxygen with aliphatic and alicyclic amines. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(Lmor1 s-l) (mol L-1) (K) 

8.19 1,4-Diazabicyclo[2.2.2]octane (DAB CO) - Continued 

EtOH 6.4 x 106 CP/P'a-19 S == RB; A' = 2,2,6.6~Tetramethyl-4-piperidinol; 
used kA, = 8 X 105 L mol-1 S-l; meas. kAlkA' = 8; 

800076 

P' = 2,2,6,6-Tetramethyl-4-hydroxypiperidine-l-
oxyl detected by esr. 

EtOH 3.1 x 107 CP/A'c-19 S = RB; A' = ChI a; used kd = 1 X 105 S-I, 78F404 

EtOH 5.3 x 106 CP/Ac-23 S = RB; A' = Hexamethylenedithiocarbamate; 727116 
used kd = 1 X 104 S-I, kA, = 1.5 X 108 L mol-1 s-l; 
meas. kN/(kd + k[A]) = 58 at [A] = 4.48 x 10-4 
molL-I. 

H2O 2.8 x 108 CP/P'u-19 S = RB; A':::;:: 2,2,6,6-Thtnuncthyl-4-piperidinol; 80D076 
pH=8 meas. kpjkA' = 7; P' = 2,2,6,6-Tetramethyl-4-

hydroxypiperidine-l-oxyl detected byesr. 

i-octane! MeOW 3.9 x 107 298 CRlA'c-32 A' = Rub; used kd = 4.7 X 104 s-I, kN = 7.3 X 107 747341 
CsHsN (90:5:5) Lmol-1 s-l; 102* from (PhO)3P03' 

i-octane! MeOW 3.5 x 107 298 CRlA'c-32 A' = Rub; used kd = 5.0 X 104 s-l, kA, = 7 X 107 L 727319 
CsHsN (94:3:3) mol-1 s-l; 102* from (PhOhP03' 

MeOH 5.4 x 108 313 CP/A'c-16 S = Fl2-; A' == DPBF; used kd = 1.4 X 105 s-l. 80N021 

MeOH 6.5 x 10-3 CPlP'a-20 S = ZnTPP; A' = 2M2P. 727028 

MeOH 7.3 x 106 0.012 CP/A'c-16 S = RB; A'::: DPBF; used kd = 9.0 X 104 s-l. 72F514 

2-PrOH 3.6 x 106 PUUt·2 S=RB. 89E324 

i-octane 3.0 x 107 298 CP/A'c-23 S A' ::: Rub; used kd = 4.7 X 104 s-l, kA' = 7.3 x 747341 
107 L mol-l s-l. 

8.20 Dibenzo[de,g]quinoline-2,9-dioJ, 5,6,6a,7-tetrahydro-l,10-dimetboxy-6-methyl- (Boldine) 

CHCl3 2.4 x 107 4.2 X 10-4 CP/A'c-16 S = A' = Rub; used kd::: 1 X 104 s-l. 84F670 

8.21 Dibenzo[de,g]quinoline-2,9-diol, 5,6,6a,7.tetrahydro-l;l,9,lO-tetramethoxy-6-methyl- (GJaucine) 

CHCI3 3.1 x 107 3.2 X 10-4 CP/A'c-16 S = A'::: Rub; used kd = 1 X 104 S-I, 84F670 

8.22 1,9 :3,5-Dimethanocyclopenta[d]cyclopenta[3,4][1 ;l]diazeto[1;l-a ]pyridazine, decabydro-

CH~CN 2.8 x 108 PULd-2 S=RB. 90E297 

8.23 Ethanol,2-(diethylamino). 

CHCl3 3.0 x 107 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 S-I, kA, = 5.3 x 
107 L moI-1 s-l. 

777486 

8.24 Ethylamine, N,N-diethyl. 

CsH5N 2.5 x 107 (kr) CP/A'c-17 S = A' = Rub; reI. to k = 2.5 X 107 L mor1 S-1 for 92R313 
DABCO. 

CsHsN 2.7 x 10-3 (~r) CP/Oc-14,27 S = RB; A' = 2M2P, 72F512 

CsHsN 2.9 x 10-4 (~q) CP/Oc-14,27 S = RB; A' = 2M2P. 72F512 

CsHsN 4.2 x 10-4 CP/Oc-20 S = RB; A'::: 2M2P. npS12 

c-C6H12 (mic) 6.5 x 108 313 CP/A'c-16 S = Fl2-; A'::: DPBF; used kd = 5.9 X 104 8-
1
; 80N021 

DAP reverse micelles. 

n-C6H14 4.8 x 107 CP/A'c-16 S ::: A' = Rub; kd not given. 87F639 

C6H6 1.8 x 108 CP/A'c-16 S = A' = Rub; used kd = 4.2 X 104 S-I. 87F639 

CF3CH2OH 1.7 x 104 PULd-2 S=RB. 89E324 

CH3CN 3.3 x 108 PULd-2 S=RB. 89E324 

CH3CN 2.0 x 108 CP/A'c-16 S = RB; A' = DMA; used kd == 3.3 X 104
5-

1
• 87F639 

CH3COCH3 3.1 x 108 CP/A'c-16 S::: RB; A' = OMA; used kd::: 3.8 X 104 
S-I. 87F639 

ClICl3 7.4 x 107 CP/A'c-16 S - RB; A' - DMA: ko not given. 87F639 

CHC13 6.5 x 107 CP/A'c-33 S = A' = Rub; used kd ::: 1.7 X 104 8-1, kA, = 5.3 x 
10 7 L mol-I S-I, 

777486 
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TABLE 8. Rate constants for the interaction of singlet oxygen with aliphatic and alicyclic amines. - Continued 

j~'¢f) , Solvent k ~ (kik) T Method Comment Ref. 
(Lmorl s-:-I) (mol L-1) (K) 

~.)4 Ethylamine, N,N-diethyl- - Continued 

EtOH 2.7 x 106 (kr) 0.31 (~r) CP/Oc-19 S = RB; used kd = 8.3 X 104 s-l; used (kq1kc) = 75F655 
9.3. 

HCONH2 7.9 x 106 CP/A'c-16 S = RB; A' = DMA; KII not given. 87F639 

MeOH 1.3 x 107 CP/A'c-16 S = RB; A' = DMA; used kd = 2.0 x 104 S-I. 87F639 

MeOH 4.0x 108 313 CP/A'c-16 S = F12-; A' = DPBF; used kd = 1.4 x lOs s-l. 80N021 

MeOH 9.3 x 106 9.7 x 10-3 CP/A'c-16 S = RB; A' = DPBF; used kd = 9.0 x 104 s-l. 736061 

MeOH 1.2 x 107 7.6 X 10-3 CP/A'c-16 S = RB; A' =" DPBF; used kd = 9.0 x 104 s-l. 72F514 

MeOHlC6H6 4.9 x 1 0-4 (~r) 298 CRlA'c-17 A' = Rub; used ~/' = 1.4 x 10-3 mol L-1; 102* 80M378 
(67:11) from (PhO)3P03-

2-PrOH 3.6 x 10' PULd-2 S=RB. 89E324 

11.25 Ethylamine, N,N-diethyl-2-methoxy-

CHCl3 3.8 x 107 CP/A'c-33 S = N = Rub; used kd = 1.7 X 104 s-l, kA, = 5.3 x 
10' L mol-1 S-I. 

777486 

fi.26 Ethylamine, I,l-dimethyl-N ,N-bis(2-hydroxyethyl)-

CHCl3 1.1 x 10(\ CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 S-I. kA' = 5.3 x 777486 
107 L morl s-l. 

11.27 Ethylamine, N-ethyl-

CsHsN 5 x 106 (kr) CP/A'c-17 S = A' = Rub; reI. to k = 2.5 X 107 L mol-1 S-1 for 92R313 
DABCO. 

c-C6H12 (mic) 3.1 x 108 313 CP/A'c-16 S = Fl2.; A' = DPBF; used kd = 5.9 X 104 S-I; 80N021 
DAP reverse micelles. 

n-C6H14 4.8 X 106 CP/A'c-16 S = A' = Rub; kd not given. 87F639 

C6H6 4.6 x 10' CP/A'c-16 S = A' = Rub; used kd = 4.2 X 104 s-I. 87F639 

C6HyMeOH 2.4 x 106 298 CP/A'c-20 S = RB; A' = c-C6H lO; used kd = 6.3 x 104 s-l, 78F586 
(75:25) ~A,=3.1 molL-I. 

CH3CN 1.5 x 108 PULd-2 S=RB. 89E324 

CH3CN 8.6 x 107 CP/A'c-16 S = R~: A' = DMA: used kd = 3.3 X 104 s-l. 87F639 

CH3COCH3 1.0 x 108 CP/A'c-16 S = RB; A' = DMA; used kd = 3.8 x 104 s-l. 87F639 

CHCl3 1.2 x 107 CP/A'c-16 S = RB; A' = DMA; kd not given. 87F639 

CHCl3 1.5 x 10' CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 777486 
107 L mol-1 s-l. 

HCONH2 2.3 X 106 CP/A'c-16 S = RB; A' = DMA; kd not given. 87F639 

MeOH 2.2 x 106 CP/A'c-16 S = RB; A' = DMA; used kd = 2.0 X 104 S-I. 87F639 

MeOH 1.7 x 108 313 CP/A'c-16 S = Fl2.; A' = DPBF; used kd = 1.4 X 105 s-I. 80N021 

MeOH 1.9 x 106 0.048 CP/A'c-16 S = RB; A' = DPBF; used kd = 9.0 X 104 s-l. 736061 

MeOHlC6H6 4.0 x 10-4 (6r) 298 CRlA'c-17 A' = Rub: used BrA' = 1.4 X 10-3 mol L-1: 102* 80M378 
(67:33) from (PhOhP03' 

2-PrOH 3.8 x 106 PULd-2 S=RB. 89E324 

8.28 Ethylamine, I-methyl-

MeOH 4.6x 104 1.9 CP/A'c-16 S = RB; A' = DPBF; used kd = 9.0 X 104 s-l. 736061 

8.29 Ethylamine, I-methyl-N,N-(1-methylethyl)-

c-C6H12 8.8 x 105 PULd-2 S=2-ACN. 90N07!S 

CHCl3 1.8 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-I, kA,= 5.3 x 
107 L mol-1 s-I. 

777486 

8.30 Ethynediamine, tetraethyl-

CHCl3 3 x 108 CRlA'c-33 A' = Rub; used kd = 1.7 X 104 s-I, kA' = 5.3 X 107 

L morl s-I; 102* fromDMN02. 

81EOO3 

1 D"'"c> ,.. ... a..... iCtal n."t.. \/ ... 1 ').11 t.)" ') i QQ&:: 
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TABLE 8. Rate constants for the interaction of singlet oxygen with aliphatic and alicyclic amines. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(L mol-I S-I) (mol L-1) (K) 

8.31 1,7-Heptanediamine, N,N-diethyl-

CHCl3 6.1 x 107 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 
107 L morl s-I. 

777486 

8.32 Hexamethylenetetramine 

MeOH 1.9 x 105 0.46 CP/A'c-16 S = RB; A' = DPBF; used kd = 9.0 X 104 s-l. 736061 

8.33 Hydrazine,l,2-diethyl-l,2-dimethyl-

CH3CN 6.8 x 10' PULd-2 S=RB. 90E297 

8.34 Hydrazine,l,2-dimethyl-l,2-dibutyl-

C6H6 3.9 x 107 PULd-2 S=Ac. 90E297 

CH3CN 3.9 x 107 PULd-2 S=RB. 90E297 

8.35 HydcHzim:,1,1-cJimethyl-2,2-cJi(2,2-wmetbylpropyl)-

CH3CN 1.3 x 106 PULcl-2 S=RB. 90E297 

8.36 Hydrazine,1,2-dimethyl-l,2-di(2,2-dimethylpropyl)-

CH3CN 5.3 x 106 PULd-2 S=RB. 90E297 

8.37 Hydrazine,1,1-dimethyl-2,2-di(2-methylpropyl)-

CH3CN 2.2 x 10' PULd-2 S=RB. 90E297 

8.38 Hydrazine, 1,2-dimetbyl-l,2-di(2-methylpropyl). 

C6H6 5.9 x 106 PULd-2 S=Ac. 90E297 

CH3CN 1.3 x 107 PULd-2 S=RB. 90E297 

8.39 Hydrazine,l,2-dimethyl-l,2-dipentyl-

C6H6 9.3 x 106 PULd-2 S=Ac. 90E297 

CH3CN 4.7 x 107 PULd-2 S=RB. 90E297 

8.40 Hydrazine, l,2-dimethyl-l,2-dipropyl-

CH3CN 4.4 x 10' PULd-2 S=RB. 90E297 

8.41 Hydrazine, tetramethyl-

C6~ 1.8 x 108 PULd-2 S=Ac. 90E297 

CF3CH2OH 1.2 x 106 PULd-2 S=RB. 90E297 

CH3CN 1.9 x 108 PULd-2 S=RB. 90E297 

2-PrOH 2.1 x 107 PULd-2 S=RB. 90E297 

8.42 Hydrazine, tetra(methyl.d3)-

CH3CN 1.9 x 108 PULd-2 S=RB. 90E297 

8.43 Hydrazine, tetra(2-methylpropyl)-

CH3CN 3.0 x 105 PULd-2 S=RB. 90E297 

8.44 Hydrazine, 1,1,2-trimethyl-2-(2,2.dimethylpropyl). 

CH3CN 1.1 x 108 PULd-2 S=RB. 90E297 

8.45 Hydrazine, 1,1,2-trimethyl-2-(2-methylpropyl)-

C6H6 6.8 x 107 PULd-2 S=Ac. 90E297 

CH3CN 9.6 x 107 PULd-2 S=RB. 90E297 

8.46 Methylamine, N,N-bis(2-hydroxyethyl)-

CHCl3 2.1 x 107 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-I, kA' = 5.3 x 777486 
107 L mol-1 s-l. 
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TABLE 8. Rate constants for the interaction of singlet oxygen with aliphatic and alicyclic arnines. - Continued 

~:i~¥1$~-", 

'~j, Solvent k ~ (kik) ·T Method Comment Ref. 
(L mol-1 s-l) (mol L-1) (K) 

lA1 Methylamine, N,N-dimethyJ-

MeOH 1.3 x 107 6.7 x 10-3 CP/A'c-16 S = MB; A' = DPBF; used kd = 9.0 X 104 s-l. 72F519 

;.~tJ Phenethylamine 

c-C6H12 (mie) 4.0 x 107 313 CP/A'c-16 S = pt2-; A' = DPBF; used kd = 5.9 x 104 s-l; 80N021 
DAP reverse micelles. 

MeOH 5.3 x 107 313 CP/A'c-16 S = pt2-; A' = DPBF; used kd = 1.4 x lOs s-l. 80N021 

MeOH 1.5 CP/A'c-16 S = RB; A' = DPBF. 736061 

J,4? 4-Phenylbutylamine 

MeOH O.9R CP/A'c-16 S = RR; A' = nPRF. 736061 

', .. W 3-Phenylpropylamine 

MeOH 1.3 CP/A'c-16 S = RB; A' = DPBF. 736061 

,,51 Piperazine 

c-C6H12 1.7 x 106 PULd-2 S=2-ACN. 90N078 

MeOH 1.2 x 106 0.073 CP/A'c-16 S = RB; A' = DPBF; usedkd = 9.0 x 104 s-l. 736061 . 

JUl l-Piperidinamine, N,N-dimethyl-

CH3CN 1.6 x 108 PULd-2 S=RB. 90E297 

1,,53 Piperidine 

2-BuOH 1.0 x 106 PULd-2 S=RB. 89E324 

C6HdMeOH 3.5 x 106 PUA'd-8 S = MB; A' = DPBF. 84A167 
(80:20) 

CF3CH2OH 6.5 x 103 PULd-2 S=RB. 89E324 

CH3CN 5.6 x 107 PULd-2 S=RB. 89E324 

CH3COCH3 7.8 x 107 PULd-2 S=RB. 89E324 

CHCl3 3.6x 106 PULd-2 S=TPP. 89E324 

CHCl3 5.8 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 x 104 s-l, kA' = 5.3 x 777486 
107 L morl 8-1. 

MeOH 9.2 x 105 0.098 CP/A'c-16 S = RB; A' = DPBF; used kd = 9.0 x 104 S-I. 736061 

2-PrOH 9.1 x 105 PULd-2 S=RB. 89E324 

~".54 Piperidine, 4-amino-2,2,6,6-tetramethyl-

C6Hd'MeOH 1.8 x 106 PUA'd-8 S = MB; A' = DPBF. 84A167 
(80:20) 

8.55 Piperidine, I-butoxy-2,2,6,6-tetramethyl-

CH2C12 3 x lOS CP/A'c-18 S = A' = Rub; used kd = 7.3 x 103 s-l, kA,= 7 x 88F059 
107 Lmor1 S-I. 

·8;56 Piperidine,l-cyclohexyl-

MeOH 4.5 x 107 2.0x 10-3 CP/A'c-16 S = MB; A' = DPBF; used kd = 9.0 X 104 S-I. 72F519 

8;57 Piperidine, l,2-dimethyl-

C6HdMeOH 2.8 x 107 PUA'd-8 S = MB; A' = DPBF. 84A167 
(80:20) 

8.58 Piperidine,2,6-dimctbyl-

C6HdMeOH 1.2 x 106 PUA'd-8 S = MB; A' = DPBF. 84A167 
(80:20) 

CHCl3 3.0 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 x 104 S-I, kA' = 5.3 x 
107 L mol-1 s-l. 

777486 
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TABLE 8. Rate constants for the interaction of singlet oxygen with aliphatic and alicyclic arnines. - Continued 

No. Solvent k ~ (kik) T Method Comment Ref. 
(Lmol-1 s-l) (mol L-1) (K) 

8.59 Piperidine, 2-methyl-

C6H&,MeOH 1.5 x 106 PUA'd-8 S = MB; A' = DPBF. 84A167 
(80:20) 

8.60 Piperidine, N-methyl-

C6H&,MeOH 2.9 x 107 PUA'd-8 S = MB; A' = DPBF. 84A167 
(80:20) 

CHCl3 5.3 x 107 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 S-I, kA,= 5.3 x 
107 L mol-1 s-l. 

777486 

8.61 Piperidine, 1,2,2,6,6-pentamethyl-

C6H6/MeOH 6.0x 107 PUA'd-8 S = MB; A' = DPBF. 84A167 
(80:20) 

8.62 Piperidine, l-(l-pyrrolidinyl)-

CH3CN 2.6 x 108 PULd-2 S=RB. 90E297 

8.63 Piperidine, 2,2,6,6-tetramethyl-

C(,HG/MeOH ,to)( 106 PUA'd-8 S .",.. MB; A' "" DPBF. 84A167 
(80:20) 

C6H6 5.3 x 105 0.061 CPIPa-15 S = HA; used kd = 3.2 X 104 s-I; P = 2,2,6,6- 90R162 
Tetramethylpiperidine-N-oxyl; P monitored by 
esr. 

CH2Cl2 3.9 x 105 PULd-2 S=TPP. 93E090 

CH2C12 3.8 x 105 CP/A'c-33 S=A'=Rub; used k";: = 7.3 x 107 Lmorl s-l; 84F199 
kd not given. 

EtOH 1.6 x 105 0.51 CP/Pa-15 S = BXP; used kd = 8.3 X 104 s-l; P= TEMPO 83F323 
monitored by esr. 

CH2C12 4x 105 CP/A'c-18 S = A' = Rub; used kd = 7.3 X 103 s-l, kA' = 7 x 
107 L mol-1 s-l. 

88F059 

8.64 Piperidine, 2,2,6,6-tetramethyl-4,4'-[1,6-hexanediaminyl]bis-

C6H6/MeOH 8.0 x 106 PUA'd-8 S = MB; A' = DPBF. 84A167 
(80:20) 

8.65 Piperidine, 2,2,6,6-tetramethyl-4,4' -[1,6-hexanediaminyl]bis-, polymer 

C6H~McOlI 3.6 x 107 PUA'd-8 S;,;;; MB; A':;;;;; DPBF; k calcd. fOl1cpc;ating unit. 84A167 
(80:20) 

8.66 l-Piperidineethanol, diester with [[3,s-bis(1,I-dimethylethyl)-4-hydroxyphenyl]methyl]butylpropanedioic acid 

C6H6/MeOH 4.3 x 106 PUA'd-8 S = MB; A' = DPBF. 84A167 

(80:20) 

8.67 l-Piperidineethanol, 4-hydroxy-2,2,6,6-tetramethyl-, polymer with butanedioic acid (Ti.1Uvin 622) 

C6H&,MeOH <l x 10:; PUA'd-8 S = MB; A' = DPBF; k calcd. for repeating unit. 84A167 
(80:20) 

CHCl3 2x 105 293 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 91P158 
107 L mol-1 s-l. 

8.68 l-Piperidineethanol,2,2,6,6-tetramethyl-

CHCl3 <2x 105 CP/A'c-33 S = A' = Rub; No measurable effect. 777486 

8.69 l-Piperidineethanol, 2,2,6,6-tetramethyl-, acetate (ester) 

CHCl3 <2 x 105 CP/A'c-33 S = A' = Rub; No measurable effect. 777486 

8.70 Piperidin-3-ol, l-methyl-

C6H&,MeOH 2.5 x 107 PUA'd-8 S = MB; A' = DPBF. 84A167 
(80:20) 
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TABLE 8. Rate constants for the interaction of singlet oxygen with aliphatic and alicyclic amines. - Continued 

.~~~-============================================================================= 
Solvent T Method Comment Ref. 

(K) 

•• 71 Piperidin-4-o1, I-methyl~ 

C6H6/MeOH 2.0 x 107 PUA'd-8 S = MB; A' = DPBF. 84A167 
(80:20) 

ifj,72 Piperidin-4-ol, 1,2,2,6,6-pentamethyl-

C6H6/MeOH 6.0 x 107 PUA'd-8 S = MB; A' = DPBF. 84A167 
(80:20) 

C6H6/EtOH 2.3 x 103 (kr) 

(89:11) 
295 CP/Pa,A' c-17 S = RB; A' = Tetr; used k/' = 7 X 107 L mol-1 757445 

s-l; meas. k/k/' = 3.3 x 10-5; P = nitroxide 
radical. 

CH2Cl2 5 x 107 295 Method not given. 757445 

CH2Cl2 5.2 X 107 1.4 X 10-4 CP/A'c-19 S = A' = Tetr; used kd = 7.3 X 103 s-l. 75F654 

. CHCl3 3.3 x 107 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-I, kA' = 5.3 x 88P313 
107 L mol-1 s-I. 

. CHCf3 9.2 x 107 CP/A'c-33 S :::; A' :::; Rub; used kd = 1.7 X 104 s-1, kA' = 5.3 x 777486 
107 L mol-1 s-l. 

g.73 Piperidin-4-oJ, 1,2,2,6,6-pentamethyJ-, diester with [[3,5-bis(1,I-dimethyJethyl)-4-hydroxyphen~J]metbyl)butyJpropanedioic acid (Tinuvin 144) 

C6~1 MeOH 1.5 x 108 PUA'd-8 S = MB; A' = DPBF. 84A167 
(80:20) 

8.74 Piperidin-4-ol, 1,2,2,6,6-pentamethyl-, diester with 1,lO-decanedioic acid 

CHCl3 1.8 x 108 CP/A'c-33 

8.75 Piperidin-4-ol, 1,2,2,6,6-pentamethyl-, triester with nitrilotriacetic acid 

CHCl3 2.4 x 108 CP/A'c-33 

't76 Pipel'idin-4-ol. 1 .2.2,6-tetramethyl-. phenylat'ptatp pdpr (Ent'atropin(') 

CHCl3 2 X 106 5.3 X 10-3 CP/A'c-16 

8.77 Piperidin-4-o1, 2,2,6,6-tetramethyl- (TEMP4-0H) 

C6H6' btUH <1.U x IUs PUA'd-8 
(50:50) 

C6H6/EtOH 2.9 x 103 (kr) 295 CP/Pa,A' c-17 
(89:11) 

C6H6/EtOH 5 x 105 295 CP/A'c-23 
(89:11) 

CHCl3 2.6 X 105 CP/A'c-33 

CHC13 <2.0 X 105 CP/A'c-33 

DMF 5.0 x 107 CP/Pa-lS 

DMF 5.0 x 107 MP/Pa-15 

DMSO 5.2 x 106 0.01 CP/Pa-15 

:EtOH 8 x 105 CPfPa-15 

H2O 4x 107 CP/Pa-19 
pH=8 

S = A' = Rub; used kd = 1.7 X 104 S-I, kA' = 5.3 x 88P313 
107 L mol-1 S-I. 

S = A' = Rub; used kd = 1.7 x 104 s-l, kA, = 5.3 x 88P313 
107 Lmorl s-:-l. 

S = A' = Rub; used kd = 1 X 104 S-I. 84F670 

S = MB; A' = DPBF. 84A167 

S RB; A' = Tetr; used krA' = 7 X 107 L mol-1 757445 
8-1; meas. k/krA' = 4.1 x 10-5: P = TRMPOL 

S = RB; A' = Tetr; used kd = 3 X 104 s-l, kA' = 7 x 757445 
107 L mol-1 s-l. 

S = A' = Rub; used kd 1.7 x 104 s-I, kA, = 5.3 x 88P313 
107 L mol-l S-l. 

S A' = Rub; No measurable effect. 777486 

S = Pt(phen)(N3)2; P = 4-Hydroxy-2,2,6,6- 90Fl96 
terramerhylpiperidine N-oxyl; "d not given. 

S = HP; used kd = 1.4 X 105 s-l; P = 4-Hydroxy- 89F311 
2,2,6,6-tetramethylpiperidine N-oxyl; esr 
detection. 

S = GV; used kd 5.2 x 104 s-l; P = 4-Hydroxy- 89D112 
2,2,6,6-tetramethylpiperidine N-oxyl; esr 
detection. 

S = RB; used kd = 8 X 104 S 1; P = 4":Hydroxy- 80D076 

2,2,6,6-tetramethylpiperidine N-oxyl; detected 
byesr. 

S RB; Q = N,-; used kQ = 2 x 109 L morl S-I; 80D076 
meas. ~/kA' = 0.025; P = 4-Hydroxy-2,2,6,6-
tetramethylpiperidine N-oxyl; detected byesr. 

:I -",,1- -_ ..... _____ ... _~ .... _ .... _ ,._, ..... "1_ ..... .,,.."" .. 
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TABLE 8. Rate constants for the interaction of singlet oxygen with aliphatic and alicyclic arnines. - Continued 

No. Solvent T Method Comment Ref. 
(K) 

8.78 Piperidin-4-o1. 2.2.6.6-tetramethyl-. diester with 1.10-decanedioic acid ITinuvin 770) 

C6H61 MeOH <1 x 105 PUA/d-8 S = MB; A' = DPBF. 84A167 
(80:20) 

293 CP/A'c-33 

CP/A'c-33 

S = A' Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 91P158 
107 L mol-1 s-l. 

S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 88P313 
107 L mol-1 8-1. 

8.79 Piperidin-4-ol, 2,2,6,6-tetramethyl-, ester with copolymer of styrene + methacrylic acid 

8.80 

8.81 

8.82 

8.83 

8.84 

8.85 

8.86 

CHCl3 8.2 x 105 293 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 
S-I, kA' = 5.3 x 91P158 

107 L morl 8-1• 

Piperidin-4-o1, 2,2,6,6-tetramethyh triester with nitrUotriacetic acid 

CHCl3 1.9 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 S-I, kA' = 5.3 x 88P313 
107 L mol-1 s-l. 

Propanenitrile, 3-( diethylamino)-

CHC13 2.7 X 107 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 
S-I, kA' = 5.3 x 777486 

107 L mol-l S-I. 

I-Propanol, 3-( dimethylamino)-

C6H6 6.8 X 107 PULd-2 S=Ac. 89E324 

CF3CHzOH 1.8 x 105 PULd 2 S=RB. 89E324 

CH3CN 1.4 x 108 PULd-2 S=RB. 89E324 

CH3COCH3 1.9 x 108 PULd-2 S=RB. 89E324 

I-Propen-I-amine, N,N,2-trimethyl-

C6H6 4.8 x 108 (kr) CP/Ac,A'c-17 S = ZnTPP; A' = TME~ used k/' = 4.8 X 107 L 75F656 
mol-I 8-1; meas. k/k/' = 10. 

C6HJCH3CN CPI Ac,A' c-17 S = ZnTPP; A' = TME; IDeaS. klk/' = 9.4. 75F656 
(5:95) 

C6H6/CH3CN CPI Ac,A' c-17 S = ZnTPP; A' = TME; meas. klk/' = 7.8. 75F656 
(80:20) 

C6HJDMSO CPI Ac,A' c-17 S = ZnTPP; A' = TME; meas. klk/' = 9.1. 75F656 
(20:80) 

C6H~DMSO CPI Ac,A' c-17 S = ZnTPP; A' = TME; meas. k/k/, = 7.6. 75F656 
(60:40) 

C6HJDMSO CP/Ac,A'c-17 S = ZnTPP; A' = TME; meas. k/kc A' = II. 75F656 
(80:20) 

C6HJMeOH CPI Ac,A' c-17 S = ZnTPP; A' = TME; meas. k/k/' = 2.9. 75F656 
(30:70) 

C6HJMeOH CP/Ac,A'c-17 S = ZnTPP; A' = TME; meas. k/k/' = 2.2. 75F656 
(5:95) 

C6HJ n-CSH12 CPI Ac,A' c-17 S = ZnTPP; A' = TME; meas. klkc A' == 7.1. 75F656 
(5:95) 

Propylamille 

CHC13 2.3 x 105 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 
107 LmoJ-1 8-1. 

777486 

Propylamine,2-methyl-

CHC13 4.1 x lOs CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 
S-I, kA' = 5.3 x 777486 

107 Lmorl S-I. 

Propylaminc, N-propyl-

c-C6H12 9.7 X 106 PllLd-2 S=2-ACN. 90N078 
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TABLE 8. Rate constants for the interaction of singlet oxygen with aliphatic and alicyclic amines. - Continued 

~~h~q't--;r::. 

,~) Solvent k ~ (kd/k) ·r Method Comment Ref. 
(L mol-1 s-l) (mol L-1) (K) 

'c~t. ITopylamine, N-propyl- - Continued 

CHCl3 1.8 x 107 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 S-I, kA, = 5.3 x 
107 L mol-I s-I. 

777486 

".'7 Propyn-l-amine, N,N-dietbyl-

CHC13 2 x 108 CRlA'c-33 A' = Rub; used kd: 1.7 X 104 s-l, kA,: 5.3 X 107 

Lmol-I S-I; 102* fromDMN02. 

81EOO3 

',"11 Pyrazolo[l,l-a ][l,2]diazepine, hexabydro-

CH3CN 7.1 x 108 PULd-2 S=RB. 90E297 

.,,9 Pyrazolo[1,l-a]pyrazole, tetrahydro-

CH3CN 7.7 x 108 PULd-2 S=RB. 90E297 

1,90 Pyrazolo[1,l-a]pyrazole, tetrabydro-2,2,6,6-tetramethyl-

C6H6 1.8 x 109 PULd-2 S=Ac. 90E297 

CH3CN 1.3 x 109 PULd-2 S=RB. 90E297 

".',1 Pyridazine, hexabydro-l,l-dimethyl-

CH3CN 4.6 x 108 PULd-2 S=RB. 90E297 

.. 92 Pyridazino[1,2-a ]pyridazine, octabydro-

C6H6 2.8 x 108 PLILd-2 S=Ac. 90E297 

CF3CH2OH 2.5 x 106 PLILd-2 S=RB. 90E297 

CH3CN 2.9 x 108 PULd-2 S=RB. 90E297 

2-PrOH 7.4 x 107 PLILd-2 S=RB. 90E297 

•• 9.1 Pyridine, 3-(1-methyl.2-pyrrolidinyl)- (Nicotine) 

CH3CN/D2O 5.9 x 107 (kq) PUA'd-5 S = 2-ACN; A' = DPBP; k, = 0 estd. from lack of 81A191 
(80:20) fannation of 02-' deld. from bulldup of radical 

anion in soln. contg. (2-20) x lO-s mol L-1 1,4-
benzoquinone in CH3CNID20 (1:4). 

CHCl3 3.8 x 107 2.6 X 10-4 CP/A/c-16 S = A' = Rub; used kd 1 x 104 s-1• 84F670 

MeOH 0.23 288 CPlOc-? S = RB; A' = ex-Terpinene; meas. kq/kr = 5.4. 587004 

tI.~4 Pyridine, 1,l,3,6-tetrahydro-l-methyl-4-phenyl. 

D20 :3.1 x 104 PULd-2 S ..... MD; P - N-Methyl-4-phellyl-2,3- 91R251 
dihydropyridinium. 

, "1.95 I-Pyrrolidinamine, N,N-dimethyl. 

CH3CN 5.6 x 109 PULd-2 S=RB. 90E297 

B.96 Pyrrolidioe 

c~C6H12 (mic) 1.9 x 108 313 CP/A/c~16 S = F12-; A' = DPBF; used kd = 5.9 X 104 8-1; 80N021 
DAP reverse micelles. 

CF3CH2OH 1.5 x 104 PULd-2 S=RB. 89E324 

CH3CN 1.4 x 108 PLILd-2 S=RB. 89E324 

MeOH 6.5 x 107 313 CP/A'c·16 S = F12-; A' = DPBF; used kd = 1.4 x 10:1 S-1. 80N021 

MeOH 2.1 x 106 0.042 CP/A'c-16 S = RB; A' = DPBF; used kd = 9.0 X 104 8-
1

. 736061 

2-PrOH 2.2 x 106 PULd-2 S=RB. 89E324 

8.97 Quinnclidine 

MeOH 1.8 x 106 0.051 CP/A'c-16 S = RB; AI = DPBF; used kd = 9.0 X 104 S-I. 736061 

8.98 Rl:sl:rplne 

CHC13 2.7 x 107 3.8 X 10-4 CP/A/c-16 S = A' = Rub; used kd = 1 X 104 s-l. 84F670 
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TABLE 8. Rate constants for the interaction of singlet oxygen with aliphatic and alicyclic amines. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(L mol-1 s-l) (molL-I) (K) 

8.99 Strychnine 

C6D6 8.8 x 108 PRlLd-2 S=2-ACN. 89El13 

CnH"iCH" 9.3 X 108 PULd-2 S = 2-ACN; MIt = 4 kJ mol-I; ~St = -77 J K-1 88A427 
mol-I; Ea = 7 kJ mol-I; studied at 183-363 K. 84E066 

C6H6 9.0 x 108 PULd-2 S=2-ACN. 93E248 

C6H6 1.0 x 109 (kq) PULd-2 S = 2-ACN; comparison with TME shows 84E066 
strychnine 10 times less reactive, therefore k is at 
least 99% kq• 

CH3CN 6.4 x 108 PULd-2 S=2-ACN. 84E066 

CH3COCII3 9.4 x 108 PULd-2 S =2-ACN. 84E066 

CHCl3 2.4 X 108 4.3 X 10-5 CP/A'c-16 S = A' = Rub; used kd = 1 X 104 S-I. 84F670 

EtOH 1.1 x 108 PULd-2 S=2-ACN. 84E066 

8.100 Vincamine 

CHC13 4.3 x 107 2.3 x 10-4 CP/A'c-16 S = A' = Rub; used kd = 1 X 104 s-I. 84F670 

8.101 Voh~§~n.17.oic ~dd, 19,20.dihydro.J.oyo., mpthyl pdpr, (20a) (Dregamine) 

C6H6 1.5 x 10-3 CP/Ac-15 S=ZnTPP. 78F474 

MeOHlC6H6 2.0 x 10-3 CP/Ac-15 S=ZnTPP. 78F474 
(67:33) 
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TABLE 9. Rate constants for the interaction of singlet oxygen with aromatic amines. 

~!i~:;~-; 

NH, Solvent k P (kelk) T Method Comment Ref. 
(L mol-1 s-l) (mol L-1) (K) 

U Aniline 

EtOH CP/A'c-20 S = Eos,Ery, or RB; A' = TME; meas. kfllkA, = 717299 
3.0. 

EtOH CP/A'c-20 S = A; A' = TME; meas. kAlkA' = 2.7. 717299 

c-C6H12 (mic) 3.9 x 107 CP/A'c-16 S = Fl2-; A' = DPBF; used kd = 5.9 X 104 s-l; 80N021 
OAP reverse micelles. 

MeOH 2.0 x 109 CP/A'c-16 S = Fl2-; A' = DPBF; used kd = 1.4 x 105 s-l. 80N021 

feOHlC6~ 1.5 x 10-4 298 CRlA'c-17 A' = Rub; used PA'= l.4x 10-3 mol L-1; 102* 80M378 
(67:33) from (PhOhP03. 

',1 Aniline,4-bromo-N,N-dimethyl-

MeOH 2x 107 PUA'd-8 S = MB; A' = DPBF. 74F640 

MeOH 3 x 10-3 CP/A'c-16 S = RB; A' = DPBF. 736061 

,,;,;~ Aniline,3-chloro-N,N-dimethyl-

MeOH 1.1 x 107 PUA'd-8 S = MB; A' = DPBF. 74F640 

MeOH 7.1 x 10-3 CP/A'c-16 S = RB; A' = OPBF. 736061 

.... Aniline,4-chloro-N,N-dimethyl-

MeOHlH2O 3.6 x 107 308 CRlA'c-16 A' = DPBF; used kd = 2.8 x 105 g-l; 102* from 83A094 
(50:50) MNP02• 

D.5 Aniline,3,4-dimethoxy-N,N-dimethyl-

MeOHlH2O 8.8 x 108 308 CRlA'c-16 A' = OPBF; used kd = 2.8 x lOs g-l; 102* from 83A094 
(50:50) MNP02· 

'.6 Aniline, N,N-dimethyl-

CsHsN 1.0 x 108 5.9 X 10-4 CP/Oc-20 S = RB; A' £2M2P; used kd = 3.1 X 104 s-l, PA' 
=0.043 mol L-1. 

757166 

c-C6H12 (mic) 3.3 x 107 CP/A'c-16 S = Fl2-; A' = OPBF; used kd = 5.9 X 104 s-l; 80N021 
DAP reverse micelles. 

CH3CN 4.8 x 108 PULd-2 S=RB. 89E324 

MeOH 1.2 x 109 CP/A'c-16 S = Fl2-; A' = DPBF; used kd = 1.4 x lOS S-I. 80N021 

MeOH 0.029 CP/A'c-? S = RB; A' = 2,5-DMF; solvent ? 777055 

MeOH 1.2 x 108 7.6 X 10-4 CP/A'c-16 S = RB; A' = DPBF; used kd = 9.0 X 104 s-l. 736061 

MeUH 7.3 x 107 PUA'd-8 S = MB; A' = DPBF. 737014 

MeOHl~~ 2.2 x 10-3 298 CRlA'c-17 A' = Rub; used PA' = 1.4 x 10-3 mol L -1; 102* 80M378 
(67:33) from (PhOhP03. 

McOHlH20 3.G x 107 308 CRlA'c-1G A' = DPBf'; UlSt::t.l kd = 2.8 x. 10" IS-I j 102+ frum 83A094 
(50:50) MNP02· 

2-PrOH 1.7 x 107 PULd-2 S=RB. 89E324 

.,.7 Aniline, N,N-dlmethyl-4-nitroso-

H2O 6.8 x 107 (kr) 298 CP/Ac-14 S = H2TPPs4-; used kd =2.5 x 105 s-l; Ea = 15.9 
kJ mol":l; log(A) = 10.6; studied at 288-318 K; 

91R053 

used ~t1(S) = 0.7, phosphate buffer contg. 1.6% 
NaCI. 

~.8 Aniline, N ,N-diphenyl- (1iiphenylamine) 

C6HsCH3 1.6 x lOS 293 PULd-2 S = RBEE(Bu3N); Pz also used as S. 92E220 

9,9 Aniline, 4-(ethoxycarbonyl)- (EthyI4-aminobenzoate) 

CH03 8x 104 CP/A'c-33 S = At = Rub; used kd = 1.7 X 104 s-I, kA' = 5.3 x 
107 L mor1 s-I. ' 

80A041 
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TABLE 9. Rate constants for the interaction of singlet oxygen with aromatic amines. Continued 

No. Solvent k P (kd1k) T Method Comment Ref. 
(L mol- l S-l) (mol L-1) (K) 

9.10 Aniline, 4.fonnyl. N,N·dimethyl. (4.(Dimethylamino )benzaldehyde) 

CHCl3 1.1 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA,= 5.3 x 
107 L mol-1 S-I. 

80A041 

MeOH 1 x 106 PUA'd-8 S = MB; A' = DPBF. 74F640 

MeOH 0.037 CP/A'c-16 S = RB; A' = DPBF. 736061 

9.11 Aniline, 2.methoxy.N ,N.dimethyl· 

MeOHlH2O 3.2 x 108 308 CRlA'c~16 A' = DPBF; used kd = 2.8 X 105 S-I; 102* from 83A094 
(50:50) MNPOz· 

9.12 Aniline,3-methoxy·N,N·dimethyl· 

MeOH 4.8 x 107 PUA'd~8 S = MB; A' = DPBF. 74F640 

MeOH 2 x 10-3 CPIA'c~16 S = RB; A' = DPBF. 736061 

MeOHlH2O 8.4 x 107 308 CRlA'c-16 A' = DPBF; used kd = 2.8 x 105 s-l; 102* from 83A094 
(50:50) MNP02· 

9.13 Aniline,4.methoxy.N,N-dimethyl. 

MeOH 2 x 108 PVA'd-8 S = MB: A' = DPBF. 74F640 

MeOH 5 x 10-4 CP/A'c-16 S = RB; A' = DPBF. 736061 

MeOHlHzO 4.4 x 108 6.2 X 10-4 308 CRlA'c-16 A' = DPBF; used kd = 2.8 X 105 s-l; 102* from 83A094 
(50:50) MNPOz· 

9.14 Aniline, N.methyI. 

c-C6R12 (mic) 5.5 x 107 CP/A'c-16 S = Fl2.; A' = DPBF; used kd = 5.9 X 104 s-I; 80N021 
DAP reverse micelles. 

MeOH 8.0x 108 CP/A'c-16 S = FI2.; A' = DPBF; used kd = 1.4 X 105 5-1. BON021 

MeOH 2.7 x 107 3.4 x 10-3 CP/A'c-16 S = RB; A' = DPBF; used kd = 9.0 X 104 s-l. 736061 

MeOH/C6H6 5.3 x 10-4 298 CRfA'c-17 A' = Rub; used ~A' = 1.4 X 10-3 mol L-I; 102* 80M378 
(67:33) from (PhOhP03. 

9.15 Aniline, N ,N,2,4,6-pentamethyl. 

MeOHlHzO 1 5'X 108 30R CR1A'c-16 A' = nPRF; 1l!O:p.li kd = '2Ji: 'X 105 ,,-I: 102* from R,:\A094 

(50:50) MNP02• 

9.16 Aniline, N.phenyl. (Diphenylamine) 

MeOH 6.1 x 106 0.015 CP/A'c-16 S = RB; A' = DPBF; used ka "" 9.0 x 104 s-l, 736061 

MeOHlC6H6 5.4 X 10-5 298 CRfA'c-17 A' = Rub; used ~A' = 1.4 x 10-3 mol L-1; 102* 80M378 

(67:33) from (PhO)3P03' 

9.17 Aniline, N,N,2,4-tetramethyI· 

MeOH/H2O 1.3 x 108 308 CRlA'c-16 A' = DPBF; used kd = 2.8 X 105 s-l; 102* from 83A094 

(50:50) MNP02• 

9.18 Aniline, 4.(I,I,3,3-tetramethylbutyl).N-[4.(I,I,3,3.tetramethylbutyl)phenyl]-

C6H6/EtOH 2.6 x 104 (kr) 295 CP/Pa,A' c·17 S = RB; A' = Tetr; used k/, = 7 X 107 L morl 757445 

(89:11) s-l; meas. klkt = 3,7 x 10-4; P = nitroxide 
radicals. 

C6RtlEtOH 7.3 x 106 295 CP/A'c-23 S = RB; A' = Tetr; used kd = 3 X 104 s-I, kA' = 7 x 757445 

(89:11) 107 L morl s-1; A" = Ni(II) 

dibutyldithiocarbamate. used kA" = 1.6 X 109 L 
mo)"! g·l. 

9.19 Aniline, N,N,4.trimethy). 

MeOH 1 x 108 PUA'd-8 S = MB; A' = DPBF. 74F640 

MeOH 5.5 x 10-4 CP/A'c-16 S = RB; A' = DPBF. 736061 

MeOH/H2O 1.1 x 108 308 CRfA'c-16 A' = DPBF; used kd = 2.8 X 105 s-I; 102* from 83A094 

(50:50) MNP02• 
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TABLE 9. Rate constants for the interaction of singlet oxygen with aromatic amines. - Continued 

~~'~~~~, 

WI'). Solvent k P (kik) T Method Comment Ref. 
(Lmorl s-l) (mol L-l) (K) 

100 Anthracenamine, N-metbyl-9,lO-dipbenyl-

C614 3.5 x 108 1.2 X 10-4 298 CP/Ac-16 S = A; A' = 1,2-Dithiolane-3-pentanoic acid; 757558 
used kd = 4.2 X 104 s-l. 

~,21 Benzoic acid, 4-(dimetbylamino)-, etbyl ester 

CHC13 6x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-I, kA' = 5.3 x 80A041 
10' L mor l s-I. 

,t..l2 Benzonitrile,4-(dimetbylamino)-

MeOH 5.7 x 105 PUA/d-8 S = MB; A' = DPBF. 74F640 

MeOH 0.050 CP/A/c-16 S = RB; A' = DPBF. 736061 

:t.13 Bipbenyl, 4,4' -diamino-

EtOH 3.0x 109 273 CP/Oc-23 S = MB; A' = 2,5-DMF; used kd = 7.9 x 104 s-1, 72F518 
kA.' 5.3 x 108 L morl s-l; k calcd. in [81Z251]. 

9.24 Napbtbalene,2-amino-

EtOH 9.6 x 108 273 CP/Oc-23 S = MB; A' = 2,5-DMF; used kd = 7.9 X 104 s-I, 72F518 
kA' = 5.3 X 108 L mol-l s-l: k calcd. in [81Z251]. 

9.25 o-Pbenylenediamine 

EtOH 3.4 x 109 273 CP/Oc-23 S = MB; A' = 2,5-DMF; used kd = 7.9 X 104 s-I, 72F518 
kA, = 5.3 X 108 L mol-l s-l; k caIcd. in [81Z251]. 

~.26 o-Pbenylenediamine, N,N,N ,N -tetrametbyl-

MeOHlH2O 1.1 x 109 308 CRlA/c-16 A' = DPBF; used kd = 2.8 x lOS s-l; 102* from 83A094 
(50:50) MNP02• 

lJ.27 m-Pbenylenediamine, N,N,N' ,N' -tetrametbyl-

MeOHlH2O 7.4 x 108 308 CRlA/c-16 A' = DPBF; used kd = 2.8 x lOS s-l; 102* from 83A094 
(50:50) MN~. 

·'.28 p-Phenylenediamine, N-cyclobexyl-N' -pbenyl-

EtOH 5.9 x 109 273 CP/Oc-20 S = MB; A' = 2,5-DMF; used kd = 7.9 X 104 S-I, 72F518 
kA,= 5.3 x 108 Lmol-l s-l; kcalcd. in [81Z251]. 

EtOH 1.1 x 1010 273 CP/Oc-20 S = MB; A' = 2,5-DMF; used kA, = 2.3 X 108 L 72F518 
mol-l s-I; meas. kAlkA' = 47; k calcd. in 
[81Z251]. 

!)'29 p.Pheny lenediamine, N,N' -dipbeuyl-

EtOHlCHC13 2.2 x 108 310 CRlLI-12 used kd = 1 X 105 s-l; 102* from NDP02• 90A184 
(50:50) 

9.30 p-Phenylenediamine, N-(l-methylethyl)-N -phenyl-

n-CI6H34 4.0x 108 298 MD/A/c-33 A' = Rub; used kd = 9.0 X 104 S-I, kA: = 7.3 X 10' 747341 
Lmol-I s-I. 

EtOH 6.7 x 109 273 CP/Oc-23 S = MB; A' = 2,5-DMF; used kd = 7.9 X 104 S-I, 72F518 
kA' = 5.3 X 108 Lmorl s-l; k calcd. in [81Z251]. 

i-octane 2.1 x 108 298 CP/A/c-23 S = A' = Rub; used kd = 4.7 X 104 s-l, kA' = 7.3 x 747341 
10' L mor l s-l. 

i-octane 3.3 x 108 CP/A/c-23 S = A' = Rub; used kd = 4 X 104 s-l, kA, = 7 X 10' 732066 
Lmol-1 s-l. 

9.31 p-Pbenylenediamine, N,N,N' ,N-tetramethyl. 

H2O -3 x 109 (kr) PUPa-14 S = Ery; used kd = 3.3 x lOS s-I; P = [TMPDr+; 82A080 
used q,&(Ery) = 0.68. 

MeOH 1 x 109 PUA/d-8 S=MB; A' = DPBF. 74F640 

MeOH 1.5 x 10-4 CP/A'c-16 S = RB; A' = DPBF. 736061 
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TABLE 9. Rate constants for the interaction of singlet oxygen with aromatic amines. - Continued 

No. Solvent T Method Comment 
(K) 

9.31 p-Phenylenediamine~ N,N,N' ,N'-tetramethyl. Continued 

MeOHl H20 1.8 x 109 1.5 X 10-4 308 CRlA'c-16 
(50:50) 

9.32 Phenylhydrazine 

CsHsN 1.4 x 108 (kr) PULd-2 

CC14 8.6 x 106 PllLd-2 

CH3COCH3 9 x 107 (kr) PULd-2 

CHC13 7.5x106 PULd-2 

9.33 Phthalazine-l,4-dione,5-amino-2,3-dihydro-

H2O 9.3 x 108 CULI-12 
pH::: 10.1 

H:P 1.4 x 109 CULI-12 
pH=7.1 

A'::: DPBF; used kd::: 2.8 X lOs S-I; 102* from 

MNPOz· 

S ::: TPP, MPDEE or PdMP; meas. <Pox <PA' 
S=MPDEE. 

S ::: TPP, MPDEE or PdMP; meas. G>ox ::: G>t.. 

S ::: TPP, MPDEE or PdMP. 

S = RB; used kd ::: 2.4 X 105 s-l. 

S = RB; used kd = 2.4 X 105 s-l. 

Ref'. 

83A09tl 

80A39X 

80A39X 

80A39x 

80A39s 

90F502 

90F502 
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TABLE 10. Rate constants for the interaction of singlet oxygen with amino acids, peptides and proteins. 

i.;~~' Solvent k P (kd/k) T Method Comment Ref. 
(Lmol-1 s-l) (mol L-1) (K) 

,., ..... , .. 7', ... "',-.---------------------------------------------

Alanine 

D20 
pO=8.4 

D20 
pO=8.1 

H20 
pH= lO.6 

H20/MeOH 
(50:50) 

::, •. ;1 ~-Alanine 

H20 
pH=7.0 

.lll .. 1 ~-Alanine, L-histidyl

H20 
pH =7.0 

•• A Albumin 

D20 

2 x 106 (kr) 

1.3 x to#; 

3.0x 107 

SI X lO7 

If),! Aposuperoxide dismutase 

0 20 1.1 X 109 

pO = 8.1 

D20 2.5 x 109 

pD=8.1 

.10.6 Arginine 

H2O Sl X 106 

pH =7.1 

'JO.7 Carbonic anbydrase 

D20 8.0x 108 

pO = 8.1 

D20 6.5 x 108 

pO = 8.1 

10.8 Cytochrome b 

H2O 1.4 X 108 

pH =7.4 

to.9 Cytochrome C (ferro) 

CH3CN/D2O 4.9 x 108 

(80:20) 

H2O 5.6 x 108. 

pH =7.4 

10.10 Cytochrome C oxidase 

H2O 1.0 X 108 

pH =7.4 

10.11 Dehydrogenase, 3-hydroxybutyrate 

H2O 6.1 x 108 

pH =7.4 

293 CUAd-35 used kd = 2.9 X 104 s-l; high pressure 02 (0.195 79A112 
mol L-1). 

295 CUA/d-22 A' ;;;;:: BR2'j u:>cd kd ;;;;:: 2.9 x 104 ::;-1; hi.~h pU:::>SUl~ 757147 
02; recalc. [79AI12}. 

310 CRILI-12 used kd = 3.2 X 105 8-1; soln. cont. 5 x 10-4 mol 
L-1 Coel2, 102* from autoxidation of 

92M228 

oxytetracycline. 

PUA'd-S S = MB; A' = DPBF. 72F516 

283 CP/A/c-17 S = RB; A' = BHMF; meas. k/k/' = 0.82; 
sensitizer immobilized on glass beads. 

g8R064 

283 CP/A'c-17 S = RB; A' = BHMF; meas. kr/k/': = 0.77; 
sensitizer immobilized on glass beads . 

88R064 

PULd·2 S = RF, water-sol. TPP derivs., or ChI a in 86F149 
micelles contg. Triton X-lOO; average for bovine 
or human serum albumin. 

PULd-2 S = SnTPPSC124-; Soln. contg. 2 x 10-3 mol L-1 90A022 
phosphate buffer and 1 % NaCI wtlwt; human 
serum albumin. 

295 CP/A'd·22 S = MB; N = BR2-; used kd = 5.0 X 104 8-1, 757147 

295 CUA'd-22 A' = BR2-; used kd = 5.0 X 104 S-I; high pressure 757147 

°2' 

298 

295 

295 

CP/Oc-19 S = Phenosafranine; No measurable effect. 78A360 

CUA'd-22 A' = BR2'; used kd = 5.0 X 104 s-l; high pressure 757147 

°2' 

CP/A/d-22 S = MB; A' = BR2-; used kd = S.O X 104 s-l. 757147 

CP/Ac,Oc-18 S = RB; A' = His; used kd = 4.5 x lOs s-1, kA, = 1 90R212 
X 108 L morl s-l; in submitochondria particles. 

PUA'd-5 S = 2-ACN: A' = DPBF. 80R072 

CP/Ac,Oc-18 S = RB; A' = His; used kd = 4.5 X 105 s-I, kA, = 1 9OR212 
X 108 Lmor! s-l; in submitochondria particles. 

CP/Ac,Oc-18 S = RB; A' = His; used kd = 4.5 X 105 s-l, kA' = 1 90R212 
X 108 L mol-1 S-I; in submitochondria particles. 

CP/Ac,Oc-18 S = RB; N = His; used kd =4.5 X 105 S-I, kA'= 1 90R212 
X 108 L mort S-I; in submitochondria particles. 
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TABLE 10. Rate constants for the interaction of singlet oxygen with amino acids, peptides and proteins. - Continued 

No. Solvent k P (kik) T Method Comment Ref. 
(L mol-1 S-I) (mol L-1) (K) 

10.11 Dehydrogenase, 3-hydroxybutyrate - Continued 

H2O 1.2 x 109 295 CPI Ac,A' c-16 S = AICI(tspc); A' = OPBF; estd. [102*] from 87R074 
pH=7.2 OPBF consumption in MeOH; kd not given; 

enzyme inactivation rate in suspension of sub-
mitochondria particles. 

10.12 Dehydrogenase, nicotinamide adenine dinucleotide (reduced) 

H2O 1.7 x 108 CP/Ac,Oc-18 S = RB; A' = His; used kd = 4.5 x lOs s-l, kA' = 1 90R2l2 
pH =7.4 x 108 L mol-1 s-l; in submitochondria particles. 

10.13 Dehydrogenase, succinate 

H2O 1.4 x 109 CPI Ac.Oc-18 S = RB; A' = His; used kt! = 45x lOs s-l. kA,= 1 90R212 
pH =7.4 x 108 L mol-1 s-l; in submitochondria particles. 

10.14 Dismutase, superoxide 

D:zQ &.2>< 108 295 CPJA'd-22 S = MR; A' = RR2-: m:ed kd = 5.0 x 104 s-l. 757147 
pO = 8.1 

0 20 2.6 x 109 295 CUA/d-22 A' = BR2-; used kd = 5.0 x 104 s-l; high pressure 757147 
pO = 8.1 O2, 

H2O 2.7 X 109 CULI-12 S = RB; used kd = 2.4 X 10:1 S-I. 90F502 
pH = 7.1 

10.15 Glycine 

0 201 EtOH (75:25) <1 x lOs 295 PULd-2 S=RB. 94A1l3 

10.16 Glycine, glycyl-

0 201 EtOH (75:25) <1 x 105 295 PULd-2 S=RB. 94Al13 

10.17 Glycine, glycylglycyl-

0 201 EtOH (75:25) <1 x 105 295 PULd-2 S=RB. 94A1l3 

10.18 Glycine, glycylglycylglycyl-

°201 EtOH (75:25) <1 x 105 295 PULd-2 S=RB. 94A1l3 

10.19 Glycine, glycyl-L-histidyl-

°201 EtOH (75:25) 4.9 x 107 295 PULd-2 S=RB. 94A113 

10.20 Glycine, histidyl-

CH3CN/H2O 1.4 x 107 PULd-2 S=RB or Eos. 93R059 

(50:50) 

CH3CN/H2O 7.4 X 106 (kr) CPI Ac.A' c-17 S = RB; A' = OMA; k/, not given. 93R059 
(50;50) 

0 201 EtOH (75:25) 5.2 x 107 295 PULd-2 S=RB. 94A113 

H2O 6.5 x 107 CP/A/c-18 S = RB; A' = TrpH; used kd = 2.5 x lOs S-I, kA' = 93R059 
pH-7 6 x 108 Lmol-1 S-I. 

H2O 6.6 X 107 (kr) CP/Oc-17 S = RB; A' = FFA; used k/, = 1.2 X 108 L mor1 93R059 

pH=7 
-1 s . 

10.21 Glycine, tryptophyl-

EtOHlCH3CN 1.0 x 107 PULd-2 S=ZnTPP. 91A252 

(80:20) 

EtOHlCH3CN 7.4 x 105 (kr) CP/A/c-18 S = ZnTPP; A' = OMA; used kd = 5.3 X 104 s-l, 91A252 

(80:20) kA, = 3 X 107 L mol- I S-I; used kA = 1.0 X 107 L 
mol-1 s-l. 

H2O 3.3 X 107 (kr) CP/Oc-17 S = RB; A' = Met; used k/' = 2 x 107 L mo1-1 91A252 

pH=7 -1 s . 
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TABLE 10. Rate constants for the interaction of singlet oxygen with amino acids, peptides and proteins. - Continued 

~~~::t1 

~Q, Solvent k ~ (kd/k ) .T Method Comment Ref. 
(L mol-l s-l) (mol L-1) (K) 

J~l Glycine,L-tryptophylglycyl-

0201 EtOH (75:25) 1.7 x 107 (kr) 295 CPI Ac~ 14,28 S = RB; used kd = 4.8 X 104 S-I; DMA as 94Al13 
actinometer, kr derived using kA = 3.l X 107 L 
morIa-I. 

O2°/ EtOH (75:25) 3.1 x 107 295 PULd-2 S=RB. 94A 11 3 

, • .13 Histidine 

O2°1 EtOH (75:25) 4.6 x 101 295 PULd-2 S=RB. 94Al13 

° 2°/ EtOH (75:25) 3.4 x 10
' 

(kr) 295 CPI AC-14,28 S = RB; used kd = 4.8 X 104 S-I; DMA as 94Al13 
actinometer, "-r derived using kA = 4.6 X 10

' 
L 

mol-1 S-I. 

CH3CN/H2O 1.6 X 10
' 

PULd-2 S = RB or Eos. 93R059 
(50:50) 

CH3CN/H2O 8.1 x 106 (~) CPI AC,A' c-17 S = RB; A' = DMA; k/' not given. 93ROS9 
(50:50) 

°2° 4x 10
' 

PULd-2 S = Carboxy anthracene. 92E225 
pD=7 

°2° 4.4 x 10
' 

293 PULd-2 S = H2TPPs4-. 86A198 
pH=-7 

°2° 6.1 x 107 PUA'd-5 S = MB; A' = ADPA. 81N048 
pD = 7.4 80A205 

°20 1.0 x 108 (kr) 293 CUAd-35 used kd = 2.9 X 104 s-l; high pressure O2 (0.195 79Al12 
pD = 8.4 mol L-1); unreactive at pH <7. 

0 20 1.0 x 108 295 CUA/d-22 A' = BR2'; used kd == 2.9 X 104 s-l; high pressure 757147 
pD = 8.1 0;.(; reenlo. [79A112]. 

0 20 2.8 x 108 310 CRlA/c-32 A' == OPBF; used kd == 1.5 X 104 s-l; 102* from 89M038 
pD = 11.2 DOPAlH20 2• 

0 20 9.3 X 108 310 CRlA'c-32 A' == DPBF; used kd == 1.5 X 104 s-l: 10:1* from 89M038 
pO: 11.2 OopaminelH20 2· 

°20 (mic) 6.7 x 107 PUA'd-5 S = 2-ACN; A': DPBF; in vesicles (4.0 x 10-2 82N027 
pO=9.3 mol L-1 DOAB). 

D2O(mic) 5.9 x 10
' 

PUA'd-5 S = 2-ACN; A' = DPBF; micellar soln. 0.1 mol 81N048 
pD=7.4 L-1 SOS or CTAB. 

H2O 5.7 x 107 310 CRlLI-12 used kd = 3.2 X 105 s-\ soln. cont. 5 x 10-4 mol 92M228 
pH= 10.6 L-1 CoC12• 102* frornautoxidation of 

oxytetracycline. 

H2O 9.0x 10' CP/A'c-l8 S = RB; A' = TrpH; used kd = 2.5 X 105 S-I, kA:= 93R059 
pH=7 6 x 108 L mor1 s-l. 

H2O 9.0 X 107 (kr) CP/Oc-17 S = RB; A' = FFA; used k/ = 1.2 X 108 Lmorl 93R059 
pH=7 S-l. 

H2O 283 CP/A/c-17 S = RB; A' = BHMF; meas. k/k/' = 0.94; 88R064 
pH =7.0 sensitizer immobilized on glass beads. 

H2O 283 CP/A'c-17 S = RB; A' = BHMF; meas. k/k/' = 0.92. 88R064 
pH =7.0 

H2O 3.2 x 107 298 CP/Oc-19 S == Phenosafranine; Q = NaN3; used kQ == 2.0 x 78A360 
pH:7.l lOll L rnol-1 5-1• 

H2O 5.4 X 109 9.2 X 10-5 298 CP/Ac-15 S == MB; used kd = 5.0 X 105 s-1 • 78F061 

H2O 3.4 x lO-3 283 CP/Oc-15 S == MB; The mechanism of oxidation is not 65F029 
pH=70 clear_ 

H2O 2.9 X lO-3 CP/Oc-I5 S=PF. 617008 
pH: 8.0 

H20 (mic) 6.7 x 107 CP/A/c-16 S == 2-ACN; A' = DPBF; DDDAB liposomes. 85ROO8 

H2O/MeOH 7 x 106 (kr) CPt Ac,N c-17 S ::: MB; A' = OPBF; used k/' = 8 x 108 L mol-1 72F516 
(50:50) S-I; k/' in MeOH; kr derived using kTQA = 1 x 

106 L mol-I s-I and kA = 5 X 10
' 

L morl s-I. 

I n ...... _ "L. __ "_.e ft.-.&_ \'_1 "'.. "1_ " .. ,.,,"u: 
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TABLE 10. Rate constants for the interaction of singlet oxygen with amino acids, peptides and proteins. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(L mol- I 5-1) (molL-I) (K) 

10.23 Histidine - Continued 

HzO/MeOH 5 x 107 PUA'd-5 S = MB; A' = OPBF. 72F516 
(50:50) 

MeOH 1.1 x 107 297 CRIP'a-16 A' = TEMP; kd not given; fonnn. of TEMPO 920227 
monitored by esr; solo. cont. MeONa and CoCI2• 

102 * from autoxidation of adrenaline. 

10.24 L-Histidine, ~-alanyl- (Carnosine) 

D20 3 x 107 PULd-2 S = Carboxyanthraceoe. 92E225 
pD=7 

H2O 283 CP/A'c-17 S = RB; A' = BHMF; meas. klk/' = 0.72. 88R064 
pH=7.0 

H2O 283 CP/A'c-17 S = RB; A' = BHMF; meas. klk/' = 0.76; 88R064 
pH=7.0 sensitizer immobilized on glass beads. 

10.25 Histidine, ~-alanyl-l-methyl- (Anserine) 

D20 3 x 107 PULd-2 S = Carboxyanthracene. 92E225 
pO=7 

10.26 L-Histidine, N-(4-amino-l-oxobutyl)- (Homocarnosine) 

H2O 283 CP/A'c-l7 S = RB; A' = BHMF; meas. klkr N = 0.91. 88R064 
pH=7.0 

H2O 283 CP/A'c-17 S == RB; A'::: BHMF; meas. klkr
A' == 1.0; 88R064 

pH =7.0 sensitizer immobilized on glass beads. 

10.27 Histidine. glycyl-

CH3CN/H2O 9.2 x 106 (kr) CP/Ac,A'c-17 S = RB; A' = DMA; k/' not given. 93R059 
(50:50) 

CH3CN/H2O 3.8 x 107 PULd-2 S==RB orEos. 93R059 
<'O:.5U) 

H2O 2.3 x 108 CP/A'c-lB S == RB; A' = TrpH; used kd 1.5 x lOs S-I, kA' = 93R059 
pH=7 6 x 108 LmoI-I 8-1. 

H"O 8.3 x 107 (kr) CP/Oc-17 S - RB: A' - FFA; used k/' "'" 1.2 x 108 L mor1 93R059 

pH=7 -I s . 

10.28 L-Histidine, glycylglycyl-

D201 BtOH (75:25) 5.6 x 107 295 PULd2 SeRB. 94A113 

10.29 Luciferase 

H2O 1.9 X 109 (kr) 277 CP/Ac-17 S = RB; A' = His; used k/' = 2.8 x 107 L morl 86R129 
pH:8.0 5-1; sensitizer immobilized on glass beads. 

10.30 Lysozyme 

D20 4.7 X 107 (kr) 293 CP/Ac-14,28 S = Acridine Orange; used kd = 5.0 X 104 s-I. 767105 

pD=5.9 5.9 x 108 (kq) 

D20 1.5 x 109 295 CUA'd-22 A' = BR2-; used kd = 5.0 X 104 g-l; high pressure 757147 

pD = 8.1 O2, 

D20 1.3 X 109 4.0x 10-5 291 CP/Ac-15 S = 8-MOP; used kd = 5.0 X 104 S-I. 757485 

0 20 2.5 x 108 (kr) CP/Ac-28 S = Eos; used kd = 5.0 X 104 S-I. 733045 

H2O 2.9 x 107 (kr) 293 CP/Ac-14,28 S = Acridine Orange; used kd = 5.0 X 105
8-

1
. 767105 

pH=5.9 4.1 x 108 (kq) 

H2O l.3 x 108 (kr) CP/Ac-28 S = Bos; used kd = 5.0 X 105 s-l. 733045 

10.31 Phenylalanine 

°201 EtOH (75:25) 7x lOs 295 PULd-2 S=RB. 94A1l3 
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TABLE 10. Rate constants for the interaction of singlet oxygen with amino acids, peptides and proteins. - Continued 

;,;(:i'-~ 

No. Solvent k P (kik) T Method Comment Ref. 
(L mol-1 S-1) (mol L-1) (K) 

1\).32 Subtilisin BPN' 

DzO 3 x 107 (kr) CP/Ac-14,27 S = HP; used kd = 1.5 X 104 s-l; Icr estimated 83ROO8 
pH=7.0 using 1j>&(HP) = 0.75. 

10.33 Trypsin 

H2O 8 x 109 298 CP/LI-12 S = Rec; used kd = 35 X 105 5-1. 80R116 
pH:7.0 

HzO 7.1 x 109 7.0 x 10-' 2H8 CPIPa-15 S = MB and FMN; used kd = 5.0 x 10' S-1; ~ 73F659 
pH 8.0 calculated from data reported in [66F197]. 

'0.34 Tryptamine 

OzOI EtOH (75:25) 2.7 x 101 (kr) 295 CP/Ac-14,28 S = RB; used kd = 4.8 X 104 S-l; OMA as 94A113 
actinometer, krderived using kA = 5.2 X 107 L 
mol-1 8-1• 

D201 EtOH (75:25) 5.2 x 107 295 PULd-2 S=RB. 94A1l3 

H2O 7.8 x 109 (kr) CP/Oc-17 S = RB; A' = FFA; used k/' == 1.2 X 108 L mOrl 93F191 
pH=7 -I s . 

MeOHlHzO 9 x 106 (kr) CP/A'c-] 7 S = RB; A' = DPBF; used kr A' = 8 X lOB L mol-1 82A291 
(50:50) s-l; derived kq = 4.6 X 107 L mol- I s-I using kA = 

5.5 X 107 L mol-1 s-l. 

MeOHlH2O 5.5 x 107 CP/Ac-15 S = RB; used kd = 2.8 X 105 S-l, 82A291 
(50:50) 

10.35 Tryptamine, N-methoxycarbonyJ· 

MeOHlH2O 3.2 x 107 308 CRlAc-31 used kd = 2.8 X 105 s-l; 102* from MNP02. 82A291 
(50:50) 

MeOHlH2O 3.2 X 107 CP/Ac-15 S = RB; used kd = 2.8 X 105 S-I, 82A291 
(50:50) 

MeOHlH2O 1.3 x 107 (kr) 308 CRlA'c-I7,3I A~:: DPBF; used k/' :::: 8 X 108 L mol-I S-I; 102* 82A291 
(50:50) from MNP02; derived kq = 1.9 X 107 L morl 8-1 

using kA = 3.2 X 107 L morl s-1. 

MeOHlH2O ? x 106 (kr) CP/A'c-I? S ::: RB; A' = DPBF; used krA' = 8 x lOs L mol-1 82A291 
(50:50) 8-1; derived kq =2.5 x 107 LmoJ-1 S-1 using kA = 

3.2 X 107 L mol-I 8-1. 

10.36 Tryptophan 

n-C7H161H20 (mic) -3 x 107 PULd-2 S = RB; reverse micelles contg. 0.25 mol L-1 84N114 
AOT. 

MeOHlDzO 1.3 x 107 . 293 PULd-2 S=HP. 84F327 
(90:10) 

MeOHlH2O 3~8x 107 CP/Ac,Oc- S = RB; A' ::: 2,5-DMF; used kd = 2.9 X 105 S-I; 83A397 
(50:50) 1.0 x 107 (kr) 14,29 meas. kq1kr=2.8. 

2.8 x 107 (kq) 

D20 5.6 x 107 293 PULd-2 S = H2 TPPg4-. 86A198 
pH ==-7 

D20 -5 x~ 107 PULd-2 S RF, H2TPPg4-, or ChI in Triton X-I 00 86F149 
micelles. 

DzO 3.6 x 107 (kr ) 293 CP/Ac-14 S"., HP; ktl not given; used CP6(HP) "" OA1. 84F327 

0 20 7.2 X 107 293 PULd-2 S=HP. 84F327 
pD:::7.4 

D20 6.1 x 107 PUA'd-5 S == MB; A':::: ADPA. 81N048 
pD= 7.4 

DzO 3x107 (k,.) 293 CUAd-35 used kd::::: 2.9 X 104 S-I; high pressure O2 (0.195 79AI12 
pD = 8.4 mol L-1). 

D20 5.1 x 10' 29:5 CUA'<1-22 A' BR:2-; used kd = 2.9 x 10" S-I; high pressure 7~7147 

pD= 8.1 02; recalc. [79Al12]. 
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TABLE to. Rate constants for the interaction of singlet oxygen with amino adds, peptides and proteins. - Continued 

No. Solvent I: [3 (kq.JI:) T MNhod Com~nt Ref. 
(L mol-1 &-1) (molL- l ) (K) 

10.36 Tryptophan - Continued 

D2O/MeOH 6.0 x 107 293 PULd-2 S=HP. 84F327 
(70;30) 

D2O/HCONH2 5.2 x t07 293 PULd-2 S=HP. 84F327 
(70:30) 

0 20 (mic) 4.2 x 107 PIJA'd-5 S = 2-ACN; A' = DPBF; 0.1 mol L-1 crAB. 8lN048 
pD=7.4 

O2° (mic) 4.0 x 107 PUA'd-5 S = 2-ACN; A' == DPBF; 0.1 mol L -I SDS. 81N048 
pO =7.4 

0 201 EtOH (75:25) 1.3 x 10' (kr) 295 CP/Ac-14,28 S:: RB~ used Kd:: 4.8 X lO4 S-l~ DMA as 94Al13 
actinometer. kr derived using kA = 3.2 X 107 L 
morl S-l. 

D201 EtOH (75:25) 3.2 x t07 295 PULd-2 S==RB. 94All3 

EtOH S5.0x 106 PUA'd-5 S = MB; A' :: DPBF. 78A338 

EtOHfCH3CN 6.3 x 106 PULd-2 S=ZnTPP. 91A252 
(80:20) 

EtOHlCH3CN 4.8 x lOs (tr) CP/Ac,A'c- S = ZnTPP; A' :: DMA; used kd = 5.3 X 104 s-I, 91A252 
(80:20) 14,28 kA, = 3 X 10' L mo{-l &-1; k,derived using kA :: 

6.3 x 106 L mol-l S-I. 

H2O 2.6 y. 107 310 CRlU-12 u~ed Ku "" ~t2)( 105 $-1; saIn. cont. 5)( 10-4 mol 92M2?8 
pH= 10.6 L-1 CoCl2• 10l* from autoxidation of 

oxytetracycline. 

H2O 3.2 x 107 (Ie.) CP/Oc-17 S = RB; A' = Met; used Ie/ = 2 X 107 L morl 91A252 
pH=7 £-1. 

H2O 5.9 X 10' (kr) 298 CP/Ac .. 14 S = H2 TPPg4-; used kd:: 2.5 X 105 8-1; Ea = 15.9 91R053 
kJ morl ; log(A) = 10.6; studied at 288-318 K; 
used 4lA(S)::: 0.7, phosphate buffer contg. 1.6% 
NaCl. 

H2O 6.0x 101 CPIPa-14 S = GaCl(tspc); used kd = 2.4 x lOs s-l; P = 87FI04 
pH=7 5 x 106 (kr) Hydroperoxytryptophan; krestd. assuming ~A(S) 

=0.5. 

H2O 6.6 x 107 (kr) 293 CP/Ac-14 S = HP; used kd = 2.S X 105 S-I; kd not given; 84F327 
pH =7.4 used CPa(HP)::: 0.41. 

H2O 1.8 x 10-3 283 CP/Oc-15 S = MB; The mechanism of oxidation is not 65P029 
pH=7.0 clear. 

H2O/MeOH 9.0x 107 CP/Pa-14 S:::: RB or GaCHtspc); used kd = 2.8 X 105 s-l; p 87FI04 
(50:50) = Hydroperoxytcyptophan. 

H2O/MeOH CP/A'c-17 S:::: RB; A' == His; meas. ktkrA' ::: 0.6; sensitizer 83Fl66 
(50:50) immobilized on glass beads. 
pH=lO 

H2O/MeOH 7.1 x 101 CP/Ac-15 S::: RB; used kd =2.8 x 105 &-1. 82A291 
(50:50) 

tl2U1 MeUtl ",3 x 106 VCr) CPfA'c-11 S:::: RB; A' = DPBF; used k./' = S "" lOR L lllul-1 82A291 

(50:50) S-I; derived kq = 6.8 X 10' L mol-1 S-1 using kA = 
7.1 x 107 Lmorl s-t. 

H2O/MeOH 2.1 x 107 308 CRlAc-31 used kd = 2.8 X 105 C 1; 102* from MNP02• 82A291 
(50:50) 

H2O/MeOH 5 x 106 (kr} 308 CRlA'c-17,31 A' = DPBF; used k/' = 8 x 108 L morl S-I; 102* 82A291 
(50:50) from MNP02; derived kq ::: 1.6 X 107 L morl s-l, 

using kA :: 2.1 X 107 L mo}-l S-I. 

H2O/MeOH 3.0 x 107 PUA/d·5 S ::: MB; A' = DPBF. 78A338 
(50:50) 

H2O/MeOH 4x 10' PUA'd·5 S = MB; A' ::: DPBF. 72FS16 
(50:50) 
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TABLE 10. Rate constants for the interaction of singlet oxygen with amino acids, peptides and proteins. - Continued 

:·/fr~~~~~ 

F~j Solvent k P (kd1k) T Method Comment Ref. 
(L mol-1 s-l) (mol L-1) (K) 

~ .. ' .~¥-'~ii. __ 

t,:l.,,~ Tryptophan - Continued 

H2O/MeOH 4 x 106 (kr) CPI Ac,A' c-17 S = MB; A' = DPBF; used kr A' = 8 X 108 L mol-1 72F516 
(50:50) S-I; kr A' in MeOH; kr derived using kTQA = 2.0 X 

109 Lmorl s-1 and kA =4x 107 Lmo)-1 S-I. 

HCONH2/D2O 8.7 X 107 293 PULd-2 S=HP. 84F327 
(90:10) 

HCONHCH3 1.3 x 108 PUA'd-5 S = MB; A' = DPBF. 78A338 

MeOH 6x 106 PUA'd-5 S = MB; A' = DPBF. 78A338 

ltt.,~7 Tryptophan, N-acetyl-

D20/EtOH (75:25) 4.2 x 107 295 PULd-2 S=RB. 94A113 

~til~'8 Tryptophan, N-acetyl-, methyl ester 

D201 EtOH (75:25) 3.2 x 107 295 PULd-2 S=RB. 94Al13 

McOHlH20 6 x 106 (kr) 308 CRlA'c 17,31 A' ... DPBF; used ""A' "" g x 108 L mol-1 s-1; 102* 82A291 
(50:50) from MNP02; derived kq = 1.8 x 107 L mol-1 s-l, 

using leA = 2.4 X 107 L mo)-l s-l. 

MeOHlH2O 4 x 106 (kr) CP/A'c-17 S = RB; A' = DPBF; used Ie/ = 8 X 108 L mol-1 82A291 
(50:50) S-I; derived kq = 5.9 X 10' L mol lSI using kA = 

6.3 X 107 L morl s-l. 

MeOHlH2O 2.4 x 107 308 CRlAc-31 used kd = 2.8 X 105 s-1;'102* from MNP02. 82A291 
(50:50) 

MeOHlH2O 6.3 x 107 CP/Ac-15 S = RB; used kd = 2.8 X 105 S-I. 82A291 
(50:50) 

,·10;39 L-Tryptophan. L-alanyl-

0 201 EtOH (75:25) 2.7 x 107 ("-r) 295 CP/Ac-14,28 S = RB; used kd = 4.8 X 104 s-l; DMA as 94Al13 
actinometer, "-r derived using leA = 4.0 X 107 L 
mol-1 s-l. 

0 201 EtOH (75:25) 4.0 x 107 295 PULd-2 S=RB. 94AI13 

'·.0.40 L-Tryptophan, ethyl ester 

0 201 EtOH (75:25) 3.1 x 107 295 PULd-2 S=RB. 94AI13 

'.0041 ' Tryptophan, glycyl-

EtOHlCH3CN 1.2 x 107 PULd-2 S=ZnTPP. 91A252 
(80:20) 

EtOHlCH3CN 9.8 x 105 ("-r) CP/Ac,A'c- S = ZnTPP; A' = OMA; used kd = 5.3 X 104 S-I, 91A252 
(80:20) 14,28 leA' = 3 X 107 L mol-1 S-I; "-r derived using leA = 

1.2 X 107 L morl s-I. 

H2O 5.1 x 107 ("-r) CP/Oc-17 S =RB; A' = Met; used "-rA' = 2 X 107 Lmorl 91A252 
pH=7 s-l. 

H2O -2 X 108 2 X 10-3 CPILI-12 S = Ery; used led = 3 X 105 S-I. 90F511 
pH=7 

,lOA:! Tryptophan, methyl ester 

MeOHlH2O 4 x 106 (kr) CP/A'c-17 S = RB; A' = DPBF; used k/' = 8 x 108 L mor1 82A291 
(50:50) S-I; derived kq = 3.5 X 107 using kA = 3:9 x 107 L 

mol-1 S-I. 

MeOHlH2O 3.9x 107 ' CP/Ac-15 S = RB; used kd = 2.8 X 105 s-l. 82A291 
(50:50) 

10.43 Tryptophanamide 

D201 EtOH (75:25) 3.1 x 107 295 PULd-2 S=RB. 94A113 

10M L-Tryptophanamide, N-acetyl-

D201 EtOH (75:25) 3.1 x 107 295 PULd-2 S=RB . 94A113 

. t Phv~_ Ch~m_ R~f. Data. Vol. 24. No.2. 1995 
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TABLE 11. Rate constants for the interaction of singlet oxygen with diazo compounds and dyes. 

No. Solvent 

11.1 Acridine,3,6-diamino- (Proflavine) 

D20 3x 108 

pH=5.9 

11.2 Acridiniwn, 3,6.diamino-l0-metbyl. (Acriflavine) 

D20 3 x 108 

pH=5.9 

11.3 9,10-Anthraquinone,1-amino-

2-PrOHlH20 
(83:17) 

11.4 9,10-Anthr"quinone, 2-QDlino-

2-PrOHlH20 
(83:17) 

11.S 9,lO-Alltlantquinollc:,1-amiuooo4-lJyw-oxy-

CC14 4 X 106 

<lOS (kr) 

2-PrOHlH20 
(83:17) 

11.6 9,10.Anthraquinone,1-amino-2-methyl-

CC14 1 x 105 
<lOS (kr) 

11.7 9,10-Anthraquinone,1,4-bis(metbylamino)

CH3COCH3 

11.8 9,lO-Anthraquinone, 1,4-diamino-

CsHsN 1.4 x 109 

CsHsN 2 x 109 

C6H6 2.0 X 108 

C6H6 3 X 108 

CC14 1 X 108 

<105 (ke) 

CH3COCH3 6.2 x 108 

CH3COCH3 9 x 108 

2-PrOHlHzO 
(83: 17) 

11.9 9,lO-Anthraquinone, l~-diamino· 

2-PrOHlH20 
(83: 17) 

11.10 9,10.Anthraquinone,1,8-diamino. 

2-PrOHlH20 
(83:17) 

T Method 
(K) 

CP/A/c-25 

CP/A/c-25 

CP/A'c-25 

CP/A/c-25 

295 CRlAc-32 

295 CRlAc-32 

MPILI-12.27 

294 CP/Ac-19 

295 CRlAc-32 

MPILI-12,27 

294 CP/Ac-19 

PULd-2 

CP/A'c-16 

PULd-2 

CP/A'c-16 

MPILI-12,27 

PULd-2 

CPIA/c-16 

295 CRlAc-32 

295 CRlAc-32 

295 CRlAc-32 

Comment Ref. 

S = A; A' = Lysozyme; used kd = 5 X 104 8-1, kA, BIROl J 

= 6.4 X 108 L mol-1 s-1; Authors suggest that 
vwur:;l) a.rr:; high uue tu 4Ur:;ul.:hiug uf lSt:UlSjth:eL 

triplet. 

S = A; A' = Lysozyme; used kd = 5 x lOS s-l, kA' 8tROII 
= 4.4 X 108 L morl s-l. 

S = A; A' = Lysozyme; used kd = 5 X 104 s-l, kA' 81ROI ( 
= 6.4 X 108 L morl 8-1• 

S = A; A' = Lysozyme; used kd = 5 x 105 s-l, kA' 81ROli 
= 4.4 x 108 L mol-1 s-I. 

A' = 1,2-AQ(NH2h; meas. kAlkA' = 0.02; 102* 
from NaOCl!Hz0 2• 

A' = 1,2-AQ(NH2)2; meas. kJJkA' = 0.15; 102* 
from NaOCl!H20 2• 

S = TPP; used kd = 36 s-l. 

S = A; A' = [(CH3hNCS2hNi; meas. kAlkA' = 
0.061. 

A' = 1.2-AQ(NH2h; meas. kAlkA' = 0.55; 102* 
from NaOClIH20 2. 

S = TPP; used kd = 36 S-1. 

S = A; A' = [(CH3hNCS2hNi; meas. kJJkA: = 
0.12. 

S=An. 

S = TPBC; A' = Tetr; used kd = 1.6 X 105 s-1. 

S=An. 

S = TPBC; A' = Tetr; used kd = 3.0 x 105 s-l. 

S = TPP; used kd = 36 S-I, 

S=An. 

S = TPBC; A' = Tetr; l111ed kd = ';.) x 105 ~-l_ 

A'::: 1,2-AQ(NH2h; meas. kAlkA' = 0.04; 102* 
from NaOCl!H202. 

A'::: 1,2-AQ(NH2h; meas. kAfkA' = 0.15; 102* 
from NaOCl!H20 2. 

A' = 1,2-AQ(NH2h; meas. kAlkA' = 0.13; 102* 
from NaOCl!H202. 

88F582 

88F582 

82A384 

80F634 

88F582 

82A384 

80F634 

87E959 

85F675 

87E959 

85F675 

82A384 

87E959 

85F675 

88F582 

88F582 

88F582 
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TABLE 11. Rate constants for the interaction of singlet oxygen with diazo compounds and dyes. - Continued 

~~3P;'-'10'·';-=. =============================================== 
... ~), Solvent ~ (kd/k) 

(mol L -1) 
T Method Comment Ref. 
(K) 

:~;"0'.-. -----------------------------------------------

~ l. t 1 9,10-Anthraquinone, 2,6-diamino-

2-PrOHlH20 
(83:17) 

l U2 9,10-Anthraquinone,1,5-diaminobromo-4,8-dihydroxy-

CC14 1 x 107 

<105 (kr) 

1M3 9,10-Anthraquinone,1,4-diamino-2-methoxy-

CC14 1 x 108 

<105 (kr) 

H,14 9,10-Anthraquinone,1,4,5,S-tetraamiIio-

2-PrOHlH20 
(83:17) 

lJ.1S Benzene,l-bromo-4-(diazophenylmethyl)-

CH3CN 9.1 x 108 (ke) 

295 

295 

295 

H.J6 Benzene, 1,1'-( diazomethylene)bis- (Diazodiphenylmethane, DDM) 

CH3CN -6 x 108 300 

CH3CN 1.1 x 109 2.9 X 10-5 

CH3CN 1.4x109 (ke) 

CH3CN 2.4 x 109 (kr) 

CHC13 1.1 x 109 (kr) 

CHC13 8.3 x 108 2 x 10-5 

MeOH 6.7 x 108 2.1 x 10-4 

. J .t .l7 Benzene, 1,1' -( diazomethylene )bis[ 4-chloro-

CH3CN 7.3 x 108 (kr) 

6.6 x 108 5 x 10-5 

7.5 x 108 (Icr) 

MeOH 3.8 x 108 (kc) 

.LlS Renzene, 1,1' -(diA'7.omethylene)bh.[ "-methyl-

CH3CN 2.3 x 109 (Icr) 

MeOH 9.4 x 108 (kr) 

. 11.19 Benzene, 1,1'-( diazomethylene)bis[Z,4,6-trimetbyl-

CH3CN 1.2 x 107 

11.20 Benzene,l-methoxy-4-(diazophenylmethyl)-

CRJAc-32 A' = 1,2-AQ(NH2h; meas. kAlkA' = 0.33; 102* 
from NaOC1IH20 2• 

MPILI-12,27 S = TPP; used kd = 36 s-l. 

MPILI-12,27 S = TPP; used kd = 36 S-I. 

CRJAc-32 A' = 1,2-AQ(NH2b meas. kAfkA' = 0.05; 102* 
from NaOCJlH20 2• 

CRlAc-32 A' = 1,2-AQ(NH2)2; meas. kN'kA,=O.14; 102* 
from NaOCJlH20 2• 

CP/Ac,A' c.,.17 S = MB; A' = DDM; used kr A' = 1.4 X 109 L 
mol-1 s-1; meas. k/k/' = 0.65. . 

PUPh-5 S = MB; P = Benzophenone oxide. 

CP/Ac-15 . S = MB; used kd = 3.3 X 104 s-l. 

CPI Ac,A' c-17 S = MB; A' = DMA; used kr A' = 1.7 x 108 L 
mor1 s-l; meas. k/k/' = 8.0. 

CRI Ac,A' c-17 A' = DMA; used kcA' = 1.7 x 108 Lmol-I s-I; 
meas. k/k/ = 14; 102* from (PhOhP03. 

CRJ Ae,N e-17 N - DMA; used keA' ... 1).3 x 107 L mol- I a-I; 

meas. k/kc A' = 12; 102* from (PhO)3P03' 

CP/Ac-15 S = MB; used kd = 1.7 x 104 s-l. 

CP/Ac-15 S = MB: used kd = 1.4 X 104 s-I, 

CP/Ac,A'c-17 S = MB; A' = DMA; used kcA' = 1.7 X 108 L 
mol-1 s-l; meas. k/krA' ..... 4.3. 

CP/Ac-15 S = MB; used kd = 3.3 x 104 5-1. 

CP/Ac,A'c·17 S = MB; A' = DDM; used k/' = 1.4 x 109 L 
mor1 s-l; meas. kjkr A' == 0.54. 

CP/Ac,A'c-17 S = MB; A' = DDM; used kc A' = 6.7 x 108 L 
mol-1 s-l; meas. k/krA' = 0.58. 

CP/Ac,A'c-17 S = MB; A' = DDM; used Icr A' = 1.4 x 109L 
mol-1 s-l; meas. kcI~A' = 1.6. 

CP/Ac,A'c-17 S = MB; A' = DDM; used k/' = 6.7 X 108 L 
mol-1 S-I; meas. kcIkeA' = 1.4 . 

PUPb·5 

CP/Ac,A' c.17 

S = MB; P= 2.4.6.2'.4'.6'
Hexamethy Ibenzophenone oxide. 

S=MB' A'"",DDM' u~ed kA' "" 14x 109 L 
mol-1 s·\ meas. k/~ A' = 1.4. . 

88F582 

82A384 

82A384 

88F582 

88F582 

777113 

84A339 

'777113 

777113 

777113 

777113 

777113 

777113 

777113 

777113 

777113 

777113 

777113 

777113 

89A105 

777113 

I Dh"..t"'ho", Cof nata Vnl .,4 Nn .,. 1 QQ5 
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TABLE 11. Rate constants for the interaction of singlet oxygen with diazo compounds and dyes. - Continued 

No. Solvent T Method Comment Ref. 
(K) 

11.21 1,4-Benzenediamine, ~ -(6-amino-3-phenylpyrazolo[ 5,I-c ]-I,2,4-triazol-7 -ylidene )_N1 ,Nl-diethyl-3-methyl-

EtOH 4.3 x 105 (kr) CP/Ac-17 S = AICI(tspc); A' = Azo dye 10; used "-cA' = 2.4 91A44X 
x 106 L mol-I S-l; values from graph. 

11.22 1,4-Benzenediamine, NI ,Nl.diethy)-3-methy)-~ -( 6-rnethy)-3-phenylpyrazo)o[S,I-c ]-1 ,2,4-triazo)-7 -ylidene)· 

EtOH 3.5 x 105 (kr) CP/Ac-17 S = AICI(tspc); A' = Azo dye 10; used k/' = 2.4 91A44,1{ 
x 106 L mol-1 s-l; values from graph. 

11.23 1,4-Benzenediamine, NI ,Nl-diethyl-3-methyl-Jr -[ 6-(phenylamino )-3-phenylpyrazolo[5,I-c ]-I,2,4-triazol-7 -ylidene]-

EtOH 8.5 x 105 (kr) CP/Ac-17 S = AICI(tspc); A' = Azo dye 10; used k/ = 2.4 91A44X 
x 106 L morl s-l: values from graph. 

11.24 1,4-Benzenediamine, N I ,Nl.diethyl-3-methy)-Jr-(3-phenylpyrazolo[S,1-c]-1,2,4-triazo)-7-ylidene)-

EtOH 2.7 x 105 (kr) CP/Ac-17 S = AICl(tspc); A' = Azo dye 10; used kr A' = 2.4 91A44X 
x 106 L rnol-I s-I; values from graph. 

11.25 1,4-Benzenediamine, NI ,Nl.diethyl-3-methyl-~-[3-phenyl-6-(2-thieny)pyrazo)o[5,I-c]-1,2,4-triazol-7-ylidene]-

EtOH 3.2 x lOs (kr) CP/Ac-17 S = AICl(tspc); A' = Azo dye 10; used k/': = 2.4 91A44~ 
x 106 L mol-I s-l; values from graph. 

11.26 Benzenepropanamide, a-[[(4-diethylamino).2,6-dimethylphenyl]irnino]·~-oxo-N-phenyl-

CsHsN 6.3 x 107 CP/Oc-20 S = RB; A'::: 2M2P; used kd = 3.1 X 104 s-l, ~A' 757166 
-- 0.043 mol L -I; No evidence of chemical 

reaction. 

11.27 Benzenepropanamide, a-[[(4-diethylamino)-2-rnethylphenyl]iminol-\3-oxo-N-phenyl-

CsHsN 7.9 x 106 CP/Oc-20 S::: RB; A'::: 2M2P; used kd = 3.1 X 104 
8-

1
, ~A' 757166 

::: 0.043 mol L -I; No evidence of chemical 
reaction. 

11.28 Benzenepropanamide, a-[[ (4-diethylamino)phenyl]imino ]-~-oxo-N-phenyJ-

CsHsN 4.0 x 106 CP/Oc-20 S::: RB; A' = 2M2P; used kd::: 3.1 X 104 S-I, ~A' 757166 
= 0.043 mol L -I; No evidence of chemical 
reaction. 

CP/Oc-20 S = RB; A' = 2M2P; used kd::: 3.1 X 104 S-I, ~A' 757166 
::: 0.043 mol L-1; No evidence of chemical 
reaction. 

11.29 BenzIe ]indolium, 2-[7 -(1,3-dihydro-l,1-dimethyl-3-(sulfobuty I)benz[e ]indoI-2-ylidene ]-1,3,5-heptatrienyl]-1,1-dimethyl-3-(sulfobutyJ)., 
hydroxide, inner salt, Na salt 

DMSO 2.5 x lOs (kr) 0.061 295 CUAc-15 S = Th; used kd = 1.3 X 104 s-l; krderived using 82F531 

ct>6(S) = 0.87. 

MeOH 1.5 x 106 (kr) 0.11 295 CUAc-15 S = Th; used kd l.4x lOS s-l; krderived using 82F531 

416(8) = 0.87. 

11.30 Benzf e lindolium. 2-f2·f3-fU.3-dihYdro-1.1-dimethyl-3-(3-
sulfopropyl)benz[e ]indol-2-ylidene ]ethylidene ]-2-[ 4-( ethoxycarbonyl)-l-piperidinyl]-I-cyclopenten-l-yl]ethenyl[ -1,I-dimethyl.3-(3-sulfopropylh 
hydroxide, inner salt, compound with triethyl 

DMSO 1.7 x 106 (kr) 9 X 10-3 295 CUAc-15 S = Th; used kd = 1.3 X 104 S-I; kr derived using 

416(8) = 0.87. 

82F531 

MeOH 0.016 295 CUAc-15 S = Th; used kd = 1.4 x lOS s-l; kr derived using 82F531 

4>6(8) = 0.87. 

11.31 I-Benzopyrylium, 8-[S-(6,7-dihydro-2,4-diphenyl-l-benzopyran-8-yl)-2,4-pentadienylidene]-5,6,7,8-tetrahydro-2,4.diphenyl-, perchlorate 

CH3CN 3 x 1010 PUA'd-5 S = MB; A'::: DPBF. 727260 

11.32 Benzothiazolium, 2-[[2-butoxy-3-[ (3-ethyl-2-benzothiazo)yIidene )methyl]-4-oxo-2-cyclobuten-t-yJidene ]methyJ]-3-ethyl-

CHCl3 1.4 x 109 293 CP/Pa·20 S = A; Q = Ni[S2C2(C6Hs)2h; used kd = 1.7 X 
104 s-l. 

90F554 
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TABLE 11. Rate constants for the interaction of singlet oxygen with diazo compounds and dyes. - Continued 

*'F~.-=================================== 
No. Solvent T Method Comment Ref. 

(K) 

11,33 Benzothiazolium,5-cbloro-2-[2-[3-[(5-ch1oro-3-ethyl-
) ,t.cDZothiazolylidene)etbylidene ]-2-(diphenylamino )-1-cyclopenten-l-yl)ethenyl]-3-etbyl-, perchlorate 

Propylene 9.8 x 109 (kq) 293 PUA/d-5 S = MB; A' = DPBF; J\.;1easured kq + 4 kq calcd. 87E690 
carbonate knowing kr from k,lkr A • 

Propylene 1.6 x 108 (kr) 293 PUA'd-17 S = MB; A' = DPBF; used krA' = 1.0 X 109 L 87E690 
carbonate mol-1 s-l. 

DMSO 3.8 x 106 (kr) 3.9 x 10-3 295 CUAc-15 S = Th; used kd = 1.3 X 104 S-I; krderived using 82F531 
1!>f,(S) = 0.87. 

MeOH 1.4 x 107 (kr) 0.011 295 CUAc-15 S = Th; used kd = 1.4 X 105 S-I; kr derived using 82F531 
1!>f,(S) = 0.87: 

I t.34 Benzotbiazolium, 2-[7 -(5-chloro-l,3,3·trimethyl-2-indolylidene )-1-(1,3,5-heptatrienyl)-3-methy}-, iodide 

Propylene <1 x 107 (kq) 293 PUA'd-5 S = MB; A' = DPBF; J\.;1easured kq + 4 kq caled. 87E690 
carbonate knowing kr from k,lk/ . 

Propylene 3 x 107 (kr) 293 PUA/d-17 S = MB; A' = DPBF; used k/' = 1.0 X 109 L 87E690 
carbonate morl s -I. 

11.35 Benzothiazolium, 2-[7 -(5-fluoro-l,3,3-trimethyJ·2-indolylidene)-1-(1,3,5-heptatrienyl)-3-metbyl-, iodide 

Propylene 7 x 107 (kr) 293 PUA'd-17 S = MB; A' = DPBF; used krA' = 1.0 X 109 L 
carbonate mol-I s-I. 

87E690 

Propylene 
carbonate 

293 PUA'd-5 S = MB; A' = DPBF; l\.;feasured kq + "-r, kq calcd. 87E690 
knowing kr from k,lkr A • 

11.36 Benzothiazolium, 2-[7-(S-methoxy-l,3,3-trimethyl-2-indolylidene)·1.(1,3,5-heptatrienyl)-3-methyl-, iodide 

Propylene 1.2 x 109 (kq) 293 PUA/d-5 S = MB; A' = DPBF; J\.;1easured kq + 4 kq calcd. 87E690 
carbonate knowing kr from k,lkr A • 

Propylene 1.7 x 108 (kr) 293 PUA'd-17 S = MB; A' DPBF; used k/' = 1.0 X 109 L 87E690 
carbonate mol-1 s-l. 

1J.37 Benzothiazolium, 3-metbyl.Z·[7-(1,3,3-trimethyl-2-indol.2-ylidene)-1,3,5-heptatrienyl]-, iodide 

Propylene 1.7 x 108 (kr) 293 PUA/d-17 S MB; A' DPBF; used k/ = 1.0 X 109 L 87E690 
carbonate mol- I s-I. 

Propylene 
carbonate 

293 PUA'd-:J s = MB; A' = DPBF; !l.Jeasured kq + k.r, kq caIed. 87B690 
knowing kr from klk/ . 

11.38 Benzothiazolium, 2-[7 -(1,3,3,5-tetramethyl-2-indolylidene)-1-(1,3,5-beptatrienyl)-3-methyl-, iodide 

Propylene 2.5 x lOB (kq) 293 PUA'd-5 S = MB; A' = DPBF; ~easured kq + k,.. kq calcd. 87E690 
carbonate knowing kr from k,lkr A • 

Propylene 6x107 (kr) 293 PUA'd-17 S MB;A'=DPBF;usedkrA'=1.0x109L 87E690 
carbonate mol-1 5-1. 

JI.39 3·Benzoxazolepropanesulfonic acid, 2-[4-(1,3-dibutyltetrahydro-4,6.dioxo-2.thioxo--S-pyrimidinylidene)-2-butenylidene]-, sodium salt 
(Merocyanine 540) 

CD,OD 2.1 x 109 294 PULd-2 S"",An. 

D20 (yes) 5.6 x 109 CP/Ac-15 S = A; used kd = 4.0 X 104 s-l; soln. contg. 
DLPC. 

H,O/MeOH 3.0 x 107 (kr) CPI Ac,A' e-17 S = A; A' = DPBF; Ie,. A' not .e:iven. 
(50:50) 

H2O/MeOH 4.5 x 109 CP/Ac-lS S = A; used kd = 9.1 X 104 s-l. 

(50:50) 

H20 (ves) 9.3 x 107 (kr) CPI Ac,A' c-17 S = A; A' = DPBF; kr A' not given; soln. contg. 
DLPC. 

H20 (ves) 5.8 x 109 CP/Ac-lS S = A; used kd = 4.0 X 104 S-l; soln. contg. 
DLPC. 

11.40 2,3' -Biindolium, 1,1,3-trimethyl-2' -[2-(1,3,3-trimethylindolylidene)methylJ-, iodide 

MeOH ~3.0 x 104 (kr) CP/Ac-lS S = 2-ACN; used kd = 1.9 X 105 s-l; krderived 
using cjll1(S) = 0.75. 

91R017 

92A123 

92A123 

92A123 

92A123 

92A123 

767071 
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TABLE 11. Rate constants for the interaction of singlet oxygen with diazo compounds and dyes. - Continued 

No. Solvent k ~ (kctfk) T Method Comment Ref. 
(L mol-1 S-1) (mol L -1) (K) 

11.41 2,2'-Carbocyunine, 1,1 '·diethyl-, chloride 

MeOH 3.4 x 107 (kr) CP/Ac-15 S = 2-ACN; used kd = 1.9 x lOs s-l; kr derived 767071 
using <Pli(S) = 0.75. 

11.42 4,4'-Caroocyanine, 1,1' -diethyl-

MeOH 2.0 x 109 PULd-2 S = T(m-HOP)P. 90R164 

11.43 4,4'·Carbocyanine, 1,1'.diethyl., toluenesulfonate 

CD30D 1.6 x 108 (kr) CP/Ac-15 S = 2-ACN; used kd = 1.3 X 104 S-I; krderived 767071 
using <Pli(S) = 0.75. 

MeOH 1.1 x 108 (kr) CP/Ac-15 S = 2-ACN, RB, Py, and fluorenone; used kd = 
1.9 x 105 s-'; kr derived using <Pli for each S, kris 

767071 

an average for the 4 sensitizers. 

11.44 Crystal Violet 

CH3CN 5.8 CP/Ac-15 S=A. 82F525 

11.45 2,2'·Cyanine, 1,1 '-methyl-, iodide 

MeOH -4.0 x J 05 (lr,) CP/Ar.-15 S = ?-ACN; used kd = 1.9 x 105 s-I: lr, derived 767071 

using <Pli(S) = 0.75. 

11.46 Cyclobutendiylium, 1,3.bis[4-(diethylamino)-2-hydroxyphenyl]-2,4·dihydroxy-

CHCl3 1.2 x 109 1.4 x 10-5 293 CP/Pa-20 90F554 

11.47 CycJobutendiyJium, l,3-bis[ 4-( dimethyJamino ).2-methyJphenyJ].2,4.dihydroxy. 

CHC13 2.2 x 109 293 CP/Pa-20 90F554 

11.48 CycJobutendiylium, l,3-bis[ 4-(N-methyl-N-octadecylamino )-2-methylphenyl]-2,4-dihydroxy. 

CHC13 1.4 x lOo 293 CPfPa-20 S = A; A' = Ni[S2CZ(C6HShh; used k:d = 1.7 x 901"'554 
104 s-l. 

11.49 2,5-Cyclohexadien-t-one, 4-[{ 4-( diethylamino )-2,5.dimethylphenyl]imino ]-3,5-dimethyl-

CsHsN 1.0 x 109 CP/Oc~20 S = RB; A' = 2M2P; used kd = 3.1 X 104 
S-1, ~A' 7:17100 

= 0.043 mol L-1; No evidence of chemical 
reaction. 

11.50 Diazene, 1-[ 4-N.(2-cyanoethyl)-N-ethylaminophenyl]-2-(4-methoxyphenyl)-

CHzC12 2.7 x 104 (kr) CP/Ac,A'c-17 S = MB; A' = DMA; used krA' = 2.1 X 107 L 
mol- l s-1 in benzene (747312]. 

11.51 Diazene, 1-[ 4-N·(2-cyanoethyl)-N-ethylaminophenyl]-2-phenyl. 

CH2Cl2 2 x 106 

CH2Cl2 2.9 X 104 (kr) 

11.52 Diazene, 1-( 4-diethylaminophenyl)-2-(2,4-dinitrophenyl). 

CHzClz 1 x 106 

11.53 Diazene, 1-( 4-diethylaminophenyl)-2-( 4-methoxyphenyl)

CD30D 

CD30D/D20 
(80:20) 

CHzC12 

PlJLd-2 S=TPP. 

PULd·2 S=TPP. 

CP/Ac,A'c-17 S = MB; A' = DMA; used krAt = 2.1 X 107 L 
mol-1 S-I in benzene [747312]. 

PULd-2 S=MB. 

CP/Ac-17 S = MB; A' = 4-(Diethylamino)azobenzene; 
meas. klk/' = 14; ReI. to A' in MeOH. 

CP/Ac-17 S = MB; N = 4-(Diethylamino)azobenzene; 
meas. k/k/' = 74; ReI. to A' in MeOH. 

CP/Ac,A/c-17 S = MB; A' = DMA; used k/' = 2.1 x 107 L 
mol-1 s-l in benzene [747312]. 

PULd-2 S=TPP. 

89F024 

89F024 

89F024 

l:S~l"U24 

89F024 

84F350 

84F350 

89F024 

89F024 
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TABLE 11. Rate constants fOT the interaction of singlet oxygen with diazo compounds and dyes. - Continued 

ii>!<r',,);:-==================================== 
Solvent T Method Comment Ref. 

(K) e(;"~ _____________________________________________ _ 

ll.53 Djazene,1.(4.d.iethylaminophenyl).Z.(4.methoxyphenyl). - Continued 

MeOHlH10 CP/Ac-17 
(80:2Q) 

MeOHlH20 
(50:50) 

MeOH 

ti.M Diazene, 1-(4.ttiethylaminophenyl)-,l-(3.nifrophenyl) .. 

CH~Cl~ 3 x 106 

Il.55 Diazene,1-(4-wetbylaminopbenyJ)-Z .. (4-mtropbenyl)-

CH2Cll 4 x 106 

CP/Ac~17 

CP/Ac-17 

PULd-2 

S::: MB; A':: 4-(Diethylamino)azobenzene; 
meas. k/k/' = 6; ReI. to A' i.n MeOH. 

S::: MB; A' = 4-(Diethylamino)azobenzene; 
meas. k/krl>! ::: 22; Ret to A' in MeOH. 

S = MB; A' ::: 4-(Diethylamino)azobenzene; 
meas. k/kr: I>! ::: 1. 

S==TPP. 

S=MB. 

84F350 

84F350 

84F350 

CH2Clz 1.7 X 104 (kr) CPIAc,A'c-17 S = MB; A' == DMA; used krA' = 2.1 X 107 L 
mol-1 S-1 in benzene [747312]. 

89F024 

89F024 

\ 1.56 Diaz.ene, 1-(4-dietbylaminopbenyJ) .. 2-pbenyl,. 

C'D,On 

CD30DtD20 
(80:20) 

CH1Cl2 

CH2C12 

MeOHlHzO 
(50:50) 

MeOHlH20 
(80:20) 

1 t.57 Diazene, diphenyl

CH2Cl2 

CP/k-17 

ePtAc-17 

CP/ Ac,A' c-17 

PULd-2 

CP/Ac-17 

CP/Ac-17 

1.1.58 Diazene, 1-{4,.N-ethyl.N.(2.hydroxyethyl)aminophenyl]-2.( 4.methoxyphcnyl)-

S .... MB; k/lk/(MeOH) - 11. &4F3S0 

S = MB; k/lk/(MeOH) = 44. 84F350 

S:::: MB; A' = DMA; used kr;': -2.1 X 10? Lmorl 
s-1 in benzene [747312J. 

89F024 

S=TPP. 89F024 

S:: MB; kj.Alk/(MeOH) = 24. 84F350 

S::: MB; k/lkrA(MeOH) = 7. 84F350 

S=TPP. 89F024 

CH2C12 9 X 106 PULd-2 S :::: TPP. 89F024 

89F024 CH1CI1 1.3 X 104 (kr) CP/Ac,A'c-17 S = MB; At:; DMA; used Ie/' :: 2.1 X 107 L 
mol-1 s-1 in benzene £747312]. 

)1.59 Diazelle, 1 .. (4-metboxy.l-napbtb}·J) • .2-pheny)-

CH2C12 1.5 x 106 

CH2C12 1.4 X 104 (fs.) 

PllLd-2 S=TPP. 

CP/Ac,A/c-17 S::: MB; A':::: DMA; used k/' :::: 2.1 X 107 L 
morl s-1 in benzene [747312]. 

89F024 

89F024 

11.60 Diazene, 1.(4·metbylpbenyl)-2.[l,.(pbenylarnin0C8roonyl)-Z.oxopropyl]-

DMAA 4.0 x 106 (kr) CPJA'c-17 

DMF CP/A'c-17 

11.61 Diazene, 1-(4 .. nitropbenyl) .. 2-phenyl .. 

11.62 Diazene, I-phenyl·Z-[1-(phenylaminocaroonyl)-2 .. oxopropyl]. 

DMAA 3 x 105 (Ie,) CP/A'c-17 

DMF ep/A'c-l7 

2-PrOH 3.2 X 106 (A;.) 

S :: RB; A' = DMA; used kr A' = 1.4 X 107 L morl 86F622 
s-1. 

S :::: RB; A' = DMA; used kr A' = 1.4 X 107 L morl 86F622 
s-1. 

S:::TYY. 

S::: RB; A":::: DMA; used let = 1.4 x 10' L mol-1 86F622 
5-1• 

S:::: RB; A' == DMA; used Je,A' ::: 1.4 X 107 L morl 86F622 
S-l. 

S = RB; A':::: DMA; used k,.X ::: 1.4 X 107 L morl 86F622 
8-1, 
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TABLE 11. Rate constants for the interaction of singlet oxygen with diazo compounds and dyes. - Continued 

No. Solvent k ~ (kik) T Method 
(L mol-1 s-l) (mol L-1) (K) 

11.63 Fluorene, 9-diazo-

CH3CN 6.6 x 107 300 PUPb-5 

CH3CN 1.0 x 108 (kr) CPI Ac,A' c-17 

CH3CN 1.0 x 108 3.3 X 10-4 CP/Ac-15 

CHCh 5.1 x 107 3 X 10-4 CP/Ac-15 

CHCl3 6.8 x 107 (kr) CRlAc,A'c-17 

MeOH 3.3 x 107 4.2 X 10-3 CP/Ac-15 

11.64 Fluorescein, 2',7'-dibromo-4'-(hydroxymercuri)-, disodium salt (Merbromin) 

CH3CN/H2O 2.0x 108 PULd-2 
(50:50) 

11.65 Fluorescein dianion, 2',4',5',7'-tetrabromo- (Eosin) 

CH3CN 7.2 x 107 CP/Oc-19 

CH3CN/H20 2.7 x 107 PI./Ld-2 
(50:50) 

MeOH 2.4 x 107 CP/Oc-19 

H.M }'Iuorescein dianion, J,4,5,6-tetrachloro-2',4',5',7'-tetraiodo· (Rose Bengal, RB) 

CD3COCD3 9.9 X 106 PULd-2 

CH3CN 5.0 x 107 CP/Oc-19 

CH3CN/H2O 1.5 x 107 PULd-2 
(50:50) 

MeOH 2.0x 107 CP/Oc-19 

11.67 3,s-Heptanedione, 4-[[2-ethyl.4-( diethylamino )pbenyJ]imino ]-2,2,6,6-tetramethyl-

CsHsN -1.6 x 107 

11.68 Indene-1,3-dione, 2-(2-quinolylidene)- (Quinophthalone) 

CH3COCH3 

11.69 Indigo 

CHC13 

CP/Oc-20 

294 CPI Ac-19 

CP/Ac-17 

Comment 

S = MB; P = 9-Fluorenone oxide. 

S = MB; A' - DMA; used krA' -1.7 x 108 L 
mol-1 s-l; meas. klkr A' = 0.59. 

S = MB; used kd = 3.3 X 104 s-l. 

S = MB; used kd 1.7 X 104 s-l_ 

A' = DMA; used k/' = 9.3 X 107 L mol-1 s-l; 
meas. kIktA' = 0.74; 102* from (PhO)3P03' 

S = MB; used kd = 1.4 X 105 s-l. 

S=A. 

S = A; A' = 2M2P; used kd = 1.7 X 104 s-l, 

S=A. 

S = A; A' = 2M2P; used kd = 1.1 X lOs s-I. 

S=A. 

S = A; A' = 2M2P; used kd = 1.7 X 104 8-1, 

S=A. 

S = A; A' = 2M2P; used kd = 1.1 X lOs 8-1• 

S = RB; A' ::: 2M2P; used kd = 3.1 X 104 s-l, ~A' 
::: 0.043 mol L-1; No evidence of chemical 
reaction. 

S = A; A' = [(CH3hNCSzhNi; meas. kAlkA' = 
0.068. 

S ::: A; A' ::: [(CH3)2NCS2hNi; meas. k/k/' = 
-0.025. 

11.70 Indolium, 2-[7-[4-bromo-1-(I,3,3-trimethyl-2-indol-2-ylidene)]-I,3,5.heptatrienyl]-I,3,3-trimetetrafluoroborate 

Ref. 

85A2()(1 

777113 

777113 

7771B 

777113 

777113 

93F069 

84F191 

93P069 

84F191 

89E324 

84F191 

93F069 

84F191 

757166 

80F634 

79F582 

Propylene 2.7 x 108 (kq) 293 PUA'd-5 S = MB; A' = DPBF; ~easured kq + kr. kq calcd. 87E690 
carbonate knowing kr from k/k/ . 
Propylene 3.0 x 108 (kr) 293 PUA'd-17 S = MB; A' = DPBF; used k/ = 1.0 x 109 L 87E690 
carbonate mol-1 s-I, 

11.71 Indolium, 2.[7 -[ 4-cbloro-1-(I,3,3-trimetbyl-2.indol-2-ylidene)].I,3,5-heptatrienyl]·l,3,3-trimethyl., tetrafluoroborate 

Propylene 3.6 x 108 (kr) 293 PUA'd-17 S = MB; A' = DPBF; used kr A' = 1.0 x 109 L 87E690 
carbonate mor l s-l. 

Propylene 
carbonate 

293 PUA'd-:5 S = MB; K = DPB:F; ~easured kq + Ie ... kq calcd. S7E690 
knowing kr from k/k/ . 

11.72 Indolium, 2-[7-[4-iodo.l.(1,3,3-trimethyl-2.indol.2-ylidene)]-1,3,5.heptatrienyl].l,3,3-trimethyl·, iodide 

Propylene 1.5 x 109 (kq) 293 PUA'd-5 S = MB; A' = DPBF; ~easured kq + k ... kq calcd. 87E690 
carbonate knowing kr from k/k/ . 

Propylene 2.6 x 108 (kr) 293 PUA'd-17 S = MB; A' = DPBF; used k/' = 1.0 X 109 L 87E690 
carbonate mo}-l s-l. 
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TABLE 11. Rate constants for the interaction of singlet oxygen with diazo compounds and dyes. - Continued 

·';;"u:,;;;:;; ================================== 
Solvent T Method Comment Ref. 

(K) 

l! .13 Indolium, 2-[7-[ 4-iodo-l-(I,3,3-trimethyl-2-indol-2-ylidene) ]-I,3,5-heptatrienyl1-1,3,3-trimethyl-, tetralluoroborate 

Propylene 1.1 x 108 (kc) 293 PUA'd-17 S = MB; A' = DPBF; used k/, = 1.0 X 109 L 87E690 
carbonate mol-1 8-1. 

Propylene 
carbonate 

293 PUA'd-5 S = MB; A' = DPBF; ~easured kq + kr. kq calcd. 87E690 
knowing kc from k/k/ . 

* 1.74 Indolium, 2-[7-(1 ,3,3-trimethyl-2-indol-2-ylidene )-1-[ 4-(2,2-dirnethoxyethyl)-I,3,5-heptatrienyl]-1 ,3,3-trirnethyl-, tetra1luoroborate 

Propylene 8 x 107 (kc) 293 PUA'd-17 S = MB; A' = DPBF; used kc A' = 1.0 X 109 L 87E690 
carbonate mol-1 s-l. 

Propylene 
carbonat~ 

293 PUA'd-5 S = MB; A' = DPBF; l\;1easured kq + kr. kq calcd. 87E690 
knowing kr from klkr A • 

l'.75 Indolium, 2-[7-(I,3,3.trimethyl-2-indol-2-ylidene)-I-[4-(1-piperidinio)-I,3,s.heptatrienyl)-l,3,3-trimetbyl·, bis(tetrafluoroborate) 

Propylene 1.4 x 109 (kr) 293 PUA'd-17 S = MB; A' = DPBF; used kc A' = 1.0 X 109 L 87E690 
carbonate mol-I ;s-I. 

Propylene 
carbonate 

293 PUA'd-5 S = MB; A' = DPBF; ~easured kq + kT. kq calcd. 87E690 
knowing kr from k/kc A • 

t 1.76 . Indolium, 2-[7 -(I,3,3-trirnetbyl-2-indol-2-yIidene )-I-t 4-L 3-(I,3,3-trimethyl-2-indolylidene)-2-propenyll-l,3,!5-heptatrlenyll-l,1,3-trlmt:thy 1-, 
tlttrafiuoroborate 

Propylene 2.0 x 109 (kq) 293 PUA'd-5 S = MB; A' = DPBF; l\;1easured kq + krt kq calcd. 87E690 
carbonate knowing kc from k/k/ . 

Propylene 3.8 x 108 (kc) 293 PUA'd-17 S = MB; A' = DPBF; used krA' = 1.0 x 109 L 87E690 
carbonate mOr1 8-1. 

n.77 Leucomalachite Green 

C6HSCH3 <1 x 105 (kr) 298 CPI Ac,A' c-17 S = A' = 9-Phenylantbracene. 79F148 

C6HSCH3 2x 108 3 X 10-4 298 CP/Ac-18 S = A' = DMA; used kd = 5.3 X 104 S-l, PA'= 1.5 79Fl48 
x 10-3 mol L-1; meas. PA/PA' = 0.2. 

11.78 Methanesulfonarnide, N-[2-[[ 4-(I,5-dihydro-3-rnethyl-5-oxo-l-phenylpyrazol-4-ylidene)amin0 ]rnethylphenyl]ethylamino ]ethyl-

MeOH 3 x 107 (kc) 298 CP/Ac,A'c- S = MB; A' = DPA; used kc A' = 1.8 X 107 L morl 87F542 
5 x 106 (kg) 17,19 s-I. 

j 1.79 2-Naphthalenecarboxamide, 4-[[ 4-(amioocarbonyl)pbenyl]azo ]-3-hydroxy-N-(2-metboxyphenyl)-

DMAA 7.0x 106 CP/A'c-17 S=RB;A'=DMA; usedkcA' = 1.4 x 107 Lmorl 86F622 
s-l. 

DMF CPtA'c-17 

11.30 2-Naphthalenecarboxamlde, 3-hydruxy-4-[(4-1lIt:tbylpbellyl)azo]-N-phcnyl-

DMAA 2.0 x 106 CPtA'c-17 

DMF CP/A'c-17 

S = RB; A' = DMA; used kc A' = 1.4 X 107 L mor1 86F622 
S-I. 

S = RB; A' = DMA; used kcA' = 1.4 X 107 L mol-1 86F622 
8-1. 

S = RR; A' = OMA; u!':ed k,; A' = 1.4 X 107 L mol-I 86F622 
s-l. 

11.81 I-Naphthalenone, 4-[[2,6.dimethyl-4-(diethylarnino)phenyl]irnino]-2-(2-rnethoxy-5-lIuorosulfonylphenyl)aminocarbonyl-

CsHsN 1.4 x 109 CP/Oc-20 S = RB; A' = 2M2P; used kd = 3.1 X 104 s-l, PA' 757166 
= 0.043 mol L -1; No evidence of chemical 
reaction. 

CP/Oc-20 S = azine; A' = 2M2P; used kd = 4.2 X 104 8-1, 757166 
PA' = 0.053 mol L-1

; No evidence of chemical 
reaction. 

3.9 X 1010 CP/Oc-20 S = RB; A' = 2M2P; used kd = 3.3 X 104 s-l, PA' 757166 
= 0.018 mol L-1; No evidence of chemical 
reaction. 
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TABLE 11. Rate constants for the interaction of singlet oxygen with diazo compounds and dyes. - Continued 

No. Solvent k ~ (kd1k) T Method Comment 
(L mol-l S-l) (molL-I) (K) 

11.82 I-Naphthalenone, 4-[[4-( diphenylamino )phenyl]imino]-

CsHsN ~3.2 x 106 CP/Oc-20 S = RB; A' = 2M2P; used kd = 3.1 X 104 s-1, ~A' 
= 0.043 mol L-l; No evidence of chemical 
reaction. 

11.83 I.Naphthalenone, 4-[ (N-methyl-N-phenyl)amino ]imino-

CH2Cl2 8.9 x 107 PULd-2 S=MB. 

CH2Cl2 2 x 103 (kr) CPI AC,A' c-17 S = MB; A' = DMA; used IcrA' = 2.1 X 107 L 
mor' s-, in benzene [747312]. 

11.84 I-Nilphthillenonc, 4-[[ 4-(phenylamino )phenyl]imino]-

CsHsN ~.Ox 107 CP/Oc-20 S = RB; A' = 2M2P; used kd = 3.1 X 104 S-I, ~A' 
= 0.043 mol L-1

; No evidence of chemical 
reaction. 

11.85 I-Naphthol, 5-[[3-(aminosulfonyl)phenyl]sulfonylamino]-4-[2-(methylsulfonyl)-4-nitrophenylazol-, conjugate base 

DMF 9.3 x 106 (kr) 7.7 x 10-3 CP/Ac-14 S = RB; used kd = 7.1 X 104 s-l; kq includes 
5.6 x 107 (kq ) possible back energy transfer; kr derived using 

cjl6(S) = 0.4; soln. contains NH40H. 

MeOH 4.8 X 106 (kr) 

7.2 x 107 (kq) 

CP/Ac-14 

CP/Ac-14 

S = A; used kd = 3.3 X lOs s-'; kr derived using 
cjl6(S) = 1.3 x 10-4; soln. contains NH40H. 

S = A; used kd = 1.3 X lOs s-'; kq includes 
possible back energy transfer; kr derived using 
<l>A(S) = 1.6 x 10-3; soln. contains NH40H. 

11.86 I-Naphthol, 5-[[3-(aminosulfonyl)phenyl]sulfonylamino]-4-[2-(methyIsulfonyl)-4-nitrophenylazoJ-, conjugate dibase 

DMF 2.6 x 10-3 CP/Ac-14 S = RB; soln. contains NH40H. 

DMF 2.7 x 107 (kr) CP/Ac-16 

H2O 5 x 108 (kr) 7 x 10-4 (~r) CP/Ac-16 

MeOH 1.3 x 10-3 CP/Ac-14 

MeOH l.0 x 107 (kr) CP/Ac-16 

11.S7 I-Naphthol,4-(4-chlorophenylazo)-

MeOH 293 CP/Ac-17 

11.88 I-Naphthul, 5-mdhuxy-4-[Z-(mctbybu]fonyl)-4-nitrophenyl]azo-, conjugate base 

DMF 4.3 x 107 (kr) CP/Ac-14 

S = A; A' = DPBF; used kd = 7.1 X 104 s-'; soln. 
contains NH40H. 

S = A; A' = 2,5-DMF; used kd = 3.3 X lOs s-'; 
soln. contains NH40H. 

S = RB; soln. contains NH40H. 

S = A; A' = DPBF; used kd = 1.3 X 105 s-l; soln. 
contains NH40H. 

S = MB; A' = 4-Phenylazo-1-naphthol; meas. 
A' krJkr = 0.40. 

S = RB; used kd = 1 X lOS s-l; kr derived using 
cjlA(S) = 0.4; soln. contains NH40H. 

Ref. 

757166 

89F024 

89F024 

757166 

79F412 

79F412 

79F412 

79F412 

79F412 

79F412 

79F412 

79F412 

81A403 

79F412 

DMF 4.6 x 107 (k,) 

2.6 x 108 (kq) 

CP/Ac-14 S = A: u~ed kd = 1 X lOS s-l: kq includes possible 79F412 
back energy transfer; kr derived using «I>A(S) = 2.7 

11.89 1-Naphthol,4-(4-methoxypbenylazo)

MeOH 

11.90 I-Naphthol,4-(4-methylphenylazo). 

CD30D 

CD30D/D20 
(80:20) 

CH2Cl2 

293 CP/Ac-17 

CP/Ac-17 

CP/Ac-17 

CU Ac,A' c-17 

x 10-4; soln. contains NH40H. 

S = MB; A' = 4-Phenylazo-1-naphthol; meas. 81A403 
A' klkr = 1.9. 

S = MB; A' = 4-(Diethylamino)azobenzene; 84F350 
meas. krJk/' = 2.5 x 102; ReI. to A' in MeOH. 

S = MB; A' = 4-(Diethylamino )azobenzene; 84F350 
meas. klk/' = 5.3 x 102

; ReI. to A' in MeOH. 

S = MB; A' = DMA; used k/' = 2 X 107 L morl 89F024 
-1 s . 
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TABLE 11. Rate constants for the interaction of singlet oxygen with diazo compounds and dyes. - Continued 

~~~~#========================================================================================== 
.~~ . Solvent T Method Comment Ref. 

(K) 
",,?/,o,,~_, __ --------------------------------------------

~~l;ftl i.Naphtbol,4-(4-metbylpbenylazo)- - Continued 

CH2Cl2 1.3 x 107 

MeOHlH20 
(80:20) 

MeOHlH20 
(50:50) 

MeOH 

MeOH 

~i~~t;ti I-Napbthol,4-(4-nitropbenylazo)

MeOH 

:~;lIJtl I-Napbtbol,4-phenylazo-

CH2Cl2 2.1 x 107 

• ):.93 2-Naphthol, 1-(4-aminophenylazo)

CH3COCH3 

U~t4 2-Naphthol,1-(4-bromopbenylazo)

MeOH 

11.95 2-Napbthol,1-(4-cbloropbenylazo)

MeOH 

H.96 2-NaphthoJ,1-14-(dimetbyJamino)pbenylazoJ" 

MeOH 

U.97 2-Naphtbol,1-(4-fturorophenylazo)

MeOH 

11,98 2-Naphtbol,1-(4-bydroxyphenylazo)

MeOH 

,)1.99 2-Napbtho),1-(4-iodophenylazo)

MeOH 

11.100 2-Napbthol,1-(4-metboxyphenylazo)-

CH2C12 3.5 x 106 

MeOH 

11.101 l-Napbtbol,1-(4-metbyl-l-nltropbenylazo)-

DMAA 6x lOS 

PULd-2 

CP/Ac-17 

CP/Ac-17 

CP/Ac-17 

293 CP/Ac-17 

293 CP/Ac-17 

PULd-2 

CUAc,A/c-17 

294 CP/Ac-19 

293 CP/Ac-17 

293 CPt Ac-17 

293 CPt Ac-17 

293 CPI Ac-17 

293 CPI Ac-I7 

293 CPt Ac-17 

PULd-2 

293 CP/Ac-17 

CP/A/c-17 

S = TPP; charge-transfer; k = 2.6 X 107 L morl 

s-1 nonnalized to 100% hydrazone fonn. 

S = MB; A' = 4-(Diethylamino)azobenzene; 
meas. k,lk/' = 50; ReI. to A' in MeOH. 

S = MB; A' = 4-(Diethylarnino)azobenzene; 
rneas. k,lk/, = 1.6 x 102; Rel. to A' in MeOH. 

S = MB; A' = 4-(Diethylamino)azobenzene; 
A' meas. k,lkc = 26. 

S = MB; A' = 4-Phenylazo-l-naphthol; meas. 
k,lk/' = 1.8. 

S = MB; A' = 4-Phenylazo-l-naphthol; meas. 
k/Ic/' = 0.06. 

S = MB; charge-transfer; k = 4.2 X 107 L morl 

s-1 nonnalized to 100% hydrazone form. 

S = MB; A' = DMA; used kr A' = 2 X 107 L mol-l 

-1 s . 

S = A; A' = [(CH3hNC~hNi; meas. kAlkA' = 
0.67. 

S = MB; A' = I-Phenylazo-2-napbthol; meas. 
klk/' =0.58. 

S = MB; A' = I-Phenylazo-2-naphthol; meas. 
k,lk/ = 0.54. 

S = MB; A' = I-Phenylazo-2~naphthol; meas. 
k,lk/' = 3.8. 

S = MB; A' = I-Phenylazo~2-naphthol; meas. 
klk/' =0.69. 

S = MB; A' = 1-Phenylazo-2-naphthol; meas. 
A' k,/k,. = 1.6. 

S = MB; A' = 1-Phenylazo-2-:-napbtboJ; meas. 
A! k/kr ",,0.50. 

S = MB; charge-transfer; k = 4.5 X 106 L morl 
3-1 normalized to 100% hydraZone form. 

S = MB; A' = I-Phenylazo-2-naphthol; meas. 
A' k/kr = 1.6. 

89F024 

84F350 

84F350 

84F350 

8lA403 

81A403 

89F024 

89F024 

80F634 

81A403 

81A403 

81A403 

81A403 

81A403 

81A403 

89F024 

81A403 

S =RB; A'= DMA; usedkrA' = 1.4 X 107 Lmor1 86F622 
S-I, 

.... . -- ... _.e .... _.&._ ,._. "it .. 1.-. " -toe:..::. 
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TABLE 11. Rate constants for the interaction of singlet oxygen with diazo compounds and dyes. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(L morl S-I) (mol L-1) (K) 

11.101 2-Naphthol,I-(4-methyl-2-nitrophenylazo)- - Continued 

DMF ~x105 CP/A'c-17 S = RB; A' = DMA; used k/' = 1.4 X 107 L mor1 86F622 
-1 s . 

2-PrOH ~7 x 105 CP/A'c-17 S = RB; A' = DMA; used k/' = 1.4 x 107 L mol- l 86F622 
S-I. 

11.102 2-Naphthol,I-(4-metbylphenylazo)-

CD30D CP/Ac-17 S = MB; A' = 4-(Diethylamino)azobenzene; 
meas. k/k/': = 2.7 X 102; ReI. to A' in MeOH. 

84F350 

CD3OD/D,O CP/Ac-17 S = MB; A' = 4-(Diethylamino)azobenzene; 84F350 
(80:20) meas. k/k/' = 3.5 x 102

; Rei. to A' in MeOH. 

CH2C12 3 x 106 PULd-2 S = MB; charge-transfer; k = 4 x 106 L morl S-1 89F024 
normalized to 100% hydrazone form. 

MeOHlH2O CP/Ac-17 ~ = MH; A' = 4-lDiethylaminO)azobenzene; 84F3~O 

(50:50) meas. k/kr A' = 42; ReI. to A' in MeOH. 

MeOHlH2O CP/Ac-17 S = MB; A' = 4-(Diethylamino)azobenzene; 84F350 
(&0:20) meas. k,lk/' = 16: ReI. to A' in MeOH. 

MeOH 293 CP/Ac-17 S = MB; A' = I-Phenylazo-2-naphthol; meas. 
klk/' = 1.3. 

81A403 

MeOH CP/Ac-17 S = MB; A' = 4-(Diethylamino)azobenzene; 84F350 
A' meas. k/kr = 6. 

11.103 2-Naphthol,1-(4-nitrophenylazo)-

MeOH 293 CP/Ac-17 S = MB; A' = I-Phenylazo-2-naphthol; meas. 81A403 
k/k/' = 0.15. . 

DMAA 1.1 x 106 CP/A'c-17 S = RB; A' = DMA; used kc A' = 1.4 X 107 L mol-1 86F622 
-I s . 

DMF 1 x 107 CPtA'c-17 S = RB; A' = DMA; used kc A' = 1.4 X 107 L mol- l 86F622 
-I s . 

2-PrOH 5.5 x 106 CP/A'c-17 S = RB; A'= DMA; used krA' = 1.4 X 107 Lmorl 86F622 
-I s . 

11.104 2-Naphthol,l-phenylazo-

CH2C12 2.0 x 104 (kr) CUAc,A'c-17 S = MB; A' = DMA; used kr
A' = 2 X 107 L mol-1 89F024 

s-l. 

CH2C12 2 X 106 PULd-2 S = MB; charge-transfer; k = 2.5 X 106 L mol-1 89F024 
s-I normalized to 100% hydrazone form. 

11.IU5 NaphthoLl;l-dJthiazolium, l-ethyl-2-[(1-ethylnaphtho[1,2-d]thlazol-2-yIldt:m:)IIlt:llaylh clalm'ide 

MeOH 4.0 x 105 (kr) CP/Ac-I5 S = 2-ACN; used kd = 1.9 x 105 s-l; kr derived 767071 
using 4l~(S) = 0.75. 

11.106 Naphtho[I,2-d]thiazolium, l-ethyl-2-[ (l-ethylnaphtho[1,2-d]thiazol-2-ylidene )methyIJ-I-butenyl-, bromide 

MeOH 7.3 x 107 (kr) CP/Ac-15 S = 2-ACN; used kd = 1.9 X 105 s-l; kr derived 767071 
using «I>~(S) = 0.75. 

11.107 Naphtho[1,2-d]thiazolium, l-ethyl-2-[ (l-ethylnaphtho[I,2-d]thiazol-2-ylidene)-1-propenyl]-, toluenesulfonate 

MeOH 1.6 x 107 (kr) CP/Ac-15 S = 2-ACN; used kd = 1.9 X 105 s-I; kr derived 767071 
using «I>~(S) = 0.75. 

11.108 Naphtho[2,3-d]thiazolium, 2-[2-[2-( diphenylamino )-3-[3-( 4-methoxy-4-
oxobutyl)naphtho[2,3-d]thiazol-2-ylidene ]ethylidene ]1-cyclopenten-l-yl]ethenyl]-3-( 4-methoxy4-oxobutyl)-, perchlorate 

DMSO 2.3 x 106 (kr) 6 x 10-3 CUAc-15 S = Th; used kd = 1.3 X 104 s-I; krderived using 82F531 
«I>~(S)=0.87. 

MeOH 0.012 CUAc-15 S = Th; used kd = 1.4 x 105 s-I; kc derived using 82F531 
«I>~(S) = 0.87. 
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TABLE 11. Rate constants for the interaction of singlet oxygen with diazo compounds and dyes. - Continued 

Solvent T Method Comment Ref. 
(K) 

~-.. ------------~-------------------------------------------------------------------------------
ft.;)." 2,2'-Oxatricarbocyaninc, 3,3·-dictbyl-, iodide 

Propylene 3.2 x 108 (Icr) 
carbonate 

Propylene 
carbonate 

293 PUA'd-17 

293 PUA'd-S 

S = MB; A' = DPBF; used k/' = 1.0 X 109 L 
mor l s-I. 

87E690 

S = MB; A' = DPBF; 1>1easured kq + 4 kq calcd. 87E690 
knowing kcfrornk/~ A. 

t t .110 Pentadienylium, 1,1,5,s-tetrakis[ 4.(dietbylamino )pbenyl]-

CH3CNI C6~ 1 x 108 

(80:20) 1 x lOs (kr) 

6.6 x 107 (kq) 

298 CP/Ac,A'c-23 S = A' = Rub; used kd =3.4x 104 s-l, kA/ =4.2 X 90F360 
107 L rnoI-1 s-l. 

t 1~111 Pentanamide, 2-[[(4-dietbylamino )-2-methylphenyl]imino ]-4,4·dimethyl-3-oxo-N-phenyl-

CsHsN 2.5 x 107 CP/Oc-20 S = RB; A' = 2M2P; used kd = 3.1 X 104 S-I, PA' 757166 
= 0.043 mol L-1; No evidence of chemical 
reaction. 

t ,1 .112 Pentanamide, 2-[[( 4-diethylamino )phenyl]imino]-4,4-dimethyl-3-o:xo-N .. phenyl-

CsHsN 7.9 x 106 CP/Oc·20 

U.1l3 Phenotbiazinium, 3,7 -bis( dimethylamino)- (Methylene Blue, MB) 

CC141 MeOH (98:2) <5 x 107 293 PUA'd-5 

CHCl3 6.8 X 10-4 CP/Oc-19 

0 20 4x 108 CP/A'c-25 
pH =5.9 

H2O 3 X 108 CP/A'c-2S 
pH=5.9 

MeOD 1.6 x 107 PULd~2 

MeOH 2.3 x 108 4.8 X 10-4 CP/Ac-14 

11.114 Phenotbiazinium,3,7-diamino- (Tbionine) 

D20 6.8 x 107 PULd-2 

S = RB; A' = 2M2P; used kd 3.1 x 104 s-l, PA' 
= 0.043 mol L -1; No evidence of chemical 
reaction. 

S = A; A' = OPBF; no effect of [MB] on decay 
rate up to 1.9 X 10-5 mol L-1• 

S=A; A'=2M2P, 

S = A; A' = Lysozyme; used kd = 5 X 104 s-1, kA' 
= 6.4 x 108 L mol-1 g-I, 

S = A; A' = Lysozyme; used kd = 5 X 105 s-l, kA' 
= 4.4 x 108 L mol-1 s-l. 

S"",A. 

S = A; used kd = 1.1 X 105 g-1 • 

S=MPOME. 

757166 

83A371 

84F673 

8tROll 

8tROIl 

88A165 

87F479 

83E235 

t 1.115 Propanediamide, 2-[[( 4-diethylamino)-2-ethylphenyl]imino ]-N,N' -diphenyl-

CsHsN -1.6 x 107 CP/Oc-20 

11.116 l,3-Propanedione, 2-[[2-ethyl-4-(diethylamino)phenyl]imino ]-l,3-diphenyl-

CsHsN -1.6 x 107 CP/Oc-20 

S = RB; A' = 2M2P; used kd = 3.1 X 104 s-l, f3A' 
= 0.043 mol L -1; No evidence of chemical 
reaction. 

757166 

S = RB; A' = 2M2P; used kd = 3.1 X 104 s-1, ~A' 757166 
= 0.043 mol L -1; No evidence of chemical 
reaction. 

11.117 Pyrazole, 4,5-dibydro-5-[ 4-(diethyJamino)phenyIJ-3-[2-[4-( diethyJamino)pbenyJ]ethenyJ]-J-phenyJ-

MeOHl C~ 5.8 x 109 CPlP'a-23 S = RB; A' = DPBF; used kd = 1.8 X 105 s-l, kA' = 83A063 
(68:32) 6.3 x 108 L morl S-I. 

J 1.118 PyrazoJe, 4,s-dihydro-S-[ 4-( dimethyJamino)phenyJ]-3-[2-[ 4-( dimethylamino )phenyIJethenyIJ-l-pheny/-

MeOHI C6~ 1.9 x 109 CP/P'a-23 S = RB; A' = 2M2P; used kd = 1.8 X 105 S-1 ,kA' = 83A063 
(80:20) 8.1 x 105 Lmol-1 s-l. 

11.119 Pyrazole,4,s-dihydro-l,5-diphenyl-3-(2-phenylethenyl)-

MeOHlC6~ 7.2 x 108 

(80:20) 

MeOHlC6H6 
(68:32) 

CP/P'a-23 

CP/P'a-23 

S = RB; A' = 2M2P; used kd = 1.8 x lOs S-I, kA, = 83A063 
8.1 x 105 L mol-1 S-I. 

S = RB; A' = npBF; used kd = 1.8 X 105 s-l, kA' = 83A063 
6.3 x 108 L mol-1 s-l. 

_I Dh"e, r.h","" R",f nM'~. Vnl. 24. No.2. 1995 



852 WILKINSON, HELMAN, AND ROSS 

TABLE 11. Rate constants for the interaction of singlet oxygen with diazo compounds and dyes. - Continued 

No. Solvent T Method Comment Ref. 
(K) 

11.120 Pyrazole. 4.S-dihydro-S-(4-methoxyphenyl)-3-[2-(4-methoxyphenyl)ethenyI]-I-phenyl-

MeOHl C6H6 6.0 x 108 CP/P'a-23 S = RB; A' = 2M2P; used kd = 1.8 X 105 s-1, kA' = 83A06\ 
(80:20) 8.1 x 105 L mol-1 s-1, 

MeOHl C6H6 1.3 x 109 CP/P'a-23 S = RB; A' = OPBF; used kd = 1.8 X 105 s-l, kx = 83A06.\ 
(68:32) 6.3 x 108 L mol-1 s-1. 

11.121 2-Pyrazoline, 3-( 4-chlorophenyl)-I,s-diphenyl-

CH2Cl2 CP/Ac-17 S = MB; A' = 1,3,5-Triphenyl-2-pyrazoline; 86F22:i 
A' meas. k/kr = 2.1. 

11.122 2-Pyrazoline,5-(4-chlorophenyl)-I,3-diphenyl-

CHzClz CP/Ac-17 S = MB; A~,= 1,3,5-Triphenyl-2-pyrazoline; R6F22S 
meas. k/Icr = 1.5. 

11.123 2-Pyrazoline, S-deutero-l,3,S-triphenyl-

CH2CI2 CPIAc-17 S = MB; A' = 1,3,S-Triphcnyl-2-pyraz:olinc; 86F225 
meas. k/k/' = 0.48; electron transfer. 

11.124 2-Pyrazoline, 3-( 4-methoxyphenyl)-1,5-diphenyl-

CH2Cl2 CP/Ac-17 S = MB; A' = 1,3,5-Triphenyl-2-pyrazoline; 86F225 
A' meas. k/kr = 0.3. 

11.125 2-PyrazoJine,5-(4-methoxyphenyl)-1,3-diphenyl-

CH2Cl2 CP/Ac-17 S = MB; A' = 1,3,5-Triphenyl-2-pyrazoline; 86F225 
meas. k/k/' = 0.8. 

11.126 2-Pyrazoline, 3-( 4-methylpbenyl)-I,s-diphenyl-

CH2Cl2 CP/Ac-17 S = MB; A' = 1,3,5-Triphenyl-2-pyrazoline; 
meas. k/k/' = 0.7. 

86F225 

11.127 2-Pyrazoline, 5-( 4-methylphenyl).1,3·diphenyl-

CH2Cl2 CP/Ac-17 S = MB; A' = 1,3,5-Triphenyl-2-pyrazoline; 86F225 
A' meas. k/kr = 1.1. 

11.128 3-Pyrazolinone. 4-(4-diethylamino-2-methylphenyl)imino-5-methylcarbamyJ.2.phenyl-

MeOH 4 x 107 (kr) 298 CPIAc,A/c- S = MB; A' = OPA; used k/, = 1.8 X 107 L morl 87F542 
4 x 106 (kq) 17,19 S-I. 

11.1 '29 1_Pyr~:70Hnonp, .:1.[.:1_[ pthyl(2.hynrmcypthyl)amino].2-m ethylphenyl]imino-5.methyl-2-phenyl-

MeOH 4 x 107 (kr) 298 CP/Ac,A/c- S = MB; A' = OPA; used k/ = 1.8 X 107 L mol-1 87F542 
5xI06 (kq) 17,19 S-I. 

11.130 3.Pyrazolinone, 4-[4-[(2-hydroxyethyl)ethylamino]phenyl]imino-S-methyl-2.phenyl-

MeOH 2 x 107 (kr) 298 CP/Ac,A'c- S == MB; A' = DPA; used kt = 1.8 x 107 L mol-1 87F542 
5 x 106 (kq) 17,19 S-I. 

11.131 Pyrazolo[I,2-a]benzotrlazole 

CH3CN 5 x 106 3 X 10-3 CP/Ac-15 83F136 

11.132 Pyrazolo[1,2-a]benzotriazole, l,3-dimethyl-

CH3CN 2 x 107 8 X 10-4 CP/Ac-lS 83F136 

11.133 Pyrazol-3-one, 4-[( 4·aminophenyl)imino ]-2,4-dihydro-S·methyl-2-phenyl-

CH3CN 5.0 x 107 CP/Oc-20 S == RB; A' == 2M2P; used kd = 3.3 X 104 
S-I, ~A' 757166 

= 0.018 mol L-1; No evidence of chemical 
reaction. 

MeOH 298 CP/Ac,A'c-19 S MB; A' = OPA. 87F542 
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TABLE 11. Rate constants for the interaction of singlet oxygen with diazo compounds and dyes. - Continued 

Solvent T Method Comment Ref. 
(K) 

• tllM Pynlzul-3-um:, 4-[( 4-amiuo-2,3,5,6-teh'amdhyiphenyl)imino 1-2,4-dihydro-S-methyl-2-phenyl-

CH3CN 5.0 x 108 CP/Oc-20 S = RB; A' = 2M2P; used kd = 3.3 X 104 s-l, ~A' 757166 
= 0.018 mol L-1; No evidence of chemical 
reaction . 

. 1.1,'35 PyrazoJ-3-one,Z-(4-bromophenyl)-4-(4-diethylamino-2-methylphenyl)-2,4-dihydro-imino-S-methylcarbamyl-

MeOH 4 x 107 (kr) 298 CP/Ac,A/c-17 S = MB; A' = DPA; used k/' = 1.8 X 107 Lmol-l 87F542 
-1 . 

S • 

i 1.136 Pyrazol-3-one, 2-(3-chlorophenyl)-4-( 4-diethylamino-2-methylphenyl)-2,4-dihydro-imino-5-methylcarbamyl-

MeOH 4 X 107 (kr) 298 CP/Ac,A/c-17 S =MB; A' = DPA; used 1<rA' = 1.8 X 107 Lmol-I 87F542 
s-I. 

*4.137 Pyrazol.3-one, 2-( 4-chlorophenyl)-4-(4-diethylamiDo·2-methylphenyl)-2,4·dihydro-imioo-5-methylcarbamyJ-

MeOH 4 x 107 (kr) 298 CP/Ac,A'c- S = MB; A' = DPA; used k/' = 1.8 x 107 Lmol-1 87F542 
" x 106 (kq) 17,19 s-l. 

JJ .138 Pyrazol-3-one, 4-[[4-( diethylamino )-2,6-dimethylphenyl]imino ]-2,4-dihydro-S-(benzoylamino )-2-phenyl-

CsHsN 1.0 x 109 CP/Oc-20 S = RB; A' = 2M2P; used kd = 3.1 X 104 5-1, /3A' 757166 
0.043 mol L-l; No evidence of chemical 

reaction. 

I t .139 Pyrazol.3.one, 4-[[4-( diethylamino ).2,6.dimethylphenyl]imino ]-2,4-dihydro-5-(1,I-dimethylethyl)-2-phenyl. 

CsHsN 1.0 x 109 CP/Oc-20 S = RB; A' = 2M2P; used kd = 3.1 X 104 s-l, 13A' 757166 
= 0.043 mol L-1

; No evidence of chemical 
reaction . 

• t.l 40 Pyrazol-3·one, 4-[[4-( diethylamino )-2,6-dimethylphenyl]imino ]-2,4-dihydl'o-S-methyl-2-phenyl-

CsHsN 6.3 x 108 CP/Oc-20 S = RB; A' = 2M2P; used kd = 3.1 X 104 s-1, f3A' 757166 
= 0.043 mol L-1; No evidence of chemical 
reaction. 

S = azine; A' = 2M2P; used kd = 4.2 X 104 s-l, 757166 
~A' = 0.053 mol L-1

; No evidence of chemical 
CP/Oc-20 

reaction. 

4.0 x 109 CP/Oc-20 S", RB; A' = 2M2P; used ko. "'" 3.3 x 104 a-I, I3A' 757166 
= 0.018 mol L-1; No evidence of chemical 
reaction. 

11.141 Pyrazol-3-one, 4-[[4-( diethylamino )-2-methyJphenyl]imino ]-2,4-dihydro-S-(1,I-dimethylethyl)-2-phenyJ. 

CsHsN 1.7 x 108 CP/Oc-20 S = RB; A' = 2M2P; used kd = 3.1 X 104 S-I, ~A' 757166 
= 0.043 mol L -1; No evidence of chemical 

CP/Oc-20 

reaction. 

S::: azine; A' = 2M2P; used kd = 4.2 X 104 S-I, 

~A' = 0.053 mol L-1; No evidence of chemical 
reaction. 

757166 

S = RB: A' ::: 2M2P: used kd::: 3.3 X 104 ~-1. aN 757166 
::: 0.018 mol L-1; No evidence of chemical 

1.3 X 109 CP/Oc-20 

reaction. 

11.142 Pyrazol-3.one,4-(4-diethylamino-2-methylphenyl)imino-Z,4-dihydro.5-methylcarbamyl-2.(3-methoxyphenyl)-

MeOH 5 x 107 (Icr) 298 CP/Ac,A'c-17 S ~ MB; A' = DPA; used trA' = 1.8 x 107 Lmol-l 87F542 
S-I. 

11.143 Pyrazol-3-one, 4-(4-diethylamino-2·methylphenyl)imino-2,4-dihydro-5-methylcarbamyl-2-(3-methylphenyl)-

MeOH 4 x 107 (ke) 298 CP/Ac,A'c- S = MB; A' = DPA; used IcrA' = 1.8 X 107 L mol-1 87F542 
4 x 106 (kq) 17;19 s-l. 

11.144 Pyrazol-3-one, 4-[[4-( dietbylamino )-2-methylphenyIJirnino ]-2,4-dihydro-5-methyl-2-phenyl-

CsHsN 4.0 x 107 CP/Oc-20 S = RB; A' 2M2P; used kd = 3.1 X 104 s-1, ~A' 757166 
= 0.043 mol L -1; No evidence of chemical 
reaction. 

I Dh .. ., I"hem aAf n$lt$ll Vnt 24. No.2. 1995 
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TABLE 11. Rate constants for the interaction of singlet oxygen with diazo compounds and dyes. - Continued 

No. Solvent T Method Comment Ref. 
(K) 

11.144 Pyrazol-3-one, 4-[[4-(diethylamino)-2-methylphenyl]imino]-2,4-dihydro-5-methyl-2-phenyl- - Continued 

MeOH 4 x 107 (kr) 298 CP/Ac,A'c- S = MB; A' = DPA; used ~ A' = 1.8 X 107 L mol-1 87F541 
5x106 (kq) 17,19 s-I. 

11.145 Pyrazol-3-one, 4-(4-diethylamino-2-methylphenyl)imino-5-methylcarbamyl-2,4-dihydro-2-(4-nitrophenyl)-

MeOH 4 x 107 (kr) 298 CP/Ac,A'c-17 S = MB; A' = DPA; used ~ A' = 1.8 X 107 L mor1 87F542 
S-l. 

11.146 Pyrazol-3-one, 4-( 4-diethylamino-2-methylphenyl)imino-S-methylcarbamyl-2,4-dihydro-2-(2,4,6-trichlorophenyl)-

MeOH 4xl07(kr) 298 CP/Ac,A'c-17 S=MB;Ai=DPA;used~A'=1.8x107Lmorl 87F542 

11.147 Pyrazol-3-one, 4-[[4-( diethylamino )phenyl]imino ]-2,4-dihydro-5-methyl-2-phenyl-

CsHsN 4.0 x 107 CP/Oc-20 

C6H6 1.2 X 107 CP/Oc-20 

s-l. 

S = RB; A' = 2M2P; used kd = 3.1 X 104 s-l, PA' 
= 0.043 mol L-1; No evidence of chemical 
reaction. 

S= azine; A' = 2M2P; used kd = 4.2 X 104 S-l, 
PA' = 0.053 mol L-1

; No evidence of chemical 
reaction. 

757166 

757166 

CH3CN 4.0 x 108 CP/Oc-20 S = RB; A' = 2M2P; used kd = 3.3 X 104 s-l, PA' 757166 
= 0.018 mol L-1; No evidence of chemical 
reaction. 

MeOH 3 x 107 (~) 298 
4 x 106 (kq) 

CP/Ac,A/c-
17,19 

S = MB; A' = DPA; used krA' = 1.8 X 107 Lmorl 87F542 
S-I. 

11.148 Pyrazol-3-one, 2,4-dihydro-4-[ (4-methoxyphenyl)imino ]-5-rnethyl-2-phenyl-

CsHsN CP/Oc-20 

CH3CN CP/Oc-20 

S = RB; A' = 2M2P; No measurable effect. 

S = RB; A' = 2M2P; No measurable effect. 

11.149 Pyrazol-3-one, 4-[[4-( dimethylamino )-3,s-dimethylphenyl]imino ]-2,4-dihydro-S-methyl-2-phenyl-

757166 

757166 

CH3CN 6.3 x 106 CP/Oc-20 S = RB; A' = 2M2P; used kd = 3.3 X 104 
S-I, PA' 757166 

= 0.018 mol L-1
; No evidence of chemical 

reaction. 

11.150 Pyrazol-3-one, 4-[[4-( dimethylamino )phenyl]imino ]-2,4.dihydro-5-methyl.2-phenyl-

CsHsN 4.0 x 107 CP/Oc-20 S = RB; A' = 2M2P; used kd = 3.1 X 104 S-I, PA' 757166 
= 0.043 mol L -1; No evidence of chemical 
reaction. 

MeOH 298 CP/Ac,A/c-19 S = MB; A' = DPA. 87F542 

11.151 Pyrozol-3-one, 4-[[4-( dimethylamino }-2,3,5,6-tetramethylphenyl]imino ]-1,4.djhyd .. o_~_m"thyl_2_phenyl_ 

CH3CN 4.0 x 106 CP/Oc-20 S = RB; A' = 2M2P; used kd = 3.3 X 104 s-l, PA' 757166 
= 0.018 mol L -I; No evidence of chemical 
reaction. 

11.152 Pyrazol-3-one, 4-[[4-( diphenylamino )phenyl]imino ]-2,4-dihydro-5-methyl-2-phenyl-

CsHsN 5.0 x 107 CP/Oc-20 S = RB; A' = 2M2P; used kd = 3.1 x 104 s-I, PA' 757166 
= 0.043 mol L-1; No evidence of chemical 
reaction. 

11.153 Pyrazol-3-one, 4,4'-[ (2,3,5,6-tetramethyl-l,4-phenylene)dinitrilo ]bis[2,4-dihydro-S-methyl-2-phenyl-

CsHsN CP/Oc-20 S = MB; A' = 2M2P; No measurable effect. 

CH3CN CP/Oc-20 S = RB; A' = 2M2P; No measurable effect. 

11.154 Pyrazolo[5,I-c ]-1,2,4-triazole, 7-[ 4-(N-ethyl-[N-(2-methylsulfonylamino )ethyl]amino-2-methylphenyUmino]-
6-methyl-3-[ 4-[3-[ (3-butyl-4-hydroxyphenoxy(dodecyl)methoxy ]carbonylarnino )phenyl]propyl]-

EtOH <6 x 107 PUA/d-8 S = An; A' = DPBF. 

11.155 Pyrazolo[5,1-c ]-I,2,4-triazole-6-carboxylic acid, 7-[[4-( diethylamino )-2-methylphenyl]imino ]-3-phenyl-, ethyl ester 

EtOH 2 x 108 PUA'd-8 S = An; A' = DPBF. 

757166 

757166 

91A448 

91A448 
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TABLE 11. Rate constants for the interaction of singlet oxygen with diazo compounds and dyes. - Continued 

, ..... 'C,q3'================================================ 
;,,~;~~, Solvent T Method Comment Ref. 

(K) 

}t.tS5 Pyrazolo[5,1-c]-1,2,4-triazole-6-carboxylic acid, 7-[[4-(diethylamino)-2-methylphenyl]imino]-3-phenyl-, ethyl ester - Continued 

EtOH 1.4 x 106 (kr) CP/Ac-17 S = AICl(tspc); A' = Azo dye 10; used 1crA' = 2.4 91A448 
x 106 L mol-1 s-1; values from graph. 

EtOH 9 x 107 CP/A'c-16 S = AlCl(tspc); A' = DPBF; used kd = 8 X 104 s-1. 91A448 

. it.1 ~6 Pyrido[2,1-b ]benzothiazolium, 4-[ (2,3-dihydro )pyrido[2,I-b }benzothiazoJ-4-yl)methylene ]-1,2,3,4-tetrahydro-, iodide 

MeOH 2.7 x 107 (kr) CP/Ac-15 S = 2-ACN; used kd = 1.9 X 105 s-'; krderived 767071 
using «Pt.(S) = 0.75. 

, i •• l 57 Pyrylium, 2,6-bis(1,1-dimethylethyl)-4-[1-[2,6-bis(1,I-dimethylethyl)selenapyran-4-ylidene ]-3-propenYl1-

MeOHl H20 4 x 106 (Icr) CP/Ac-14 S = RB; used kd = 1.7 X 105 s-1; Icrderived using 90F157 
(50:50)9~(RB) = 0.77. 

MeOHlH20 
(50:50) 

CP/Ac-14 S = MB; used kd = 1.7 X 105 S-I; Icr derived using 90F157 
«Pt.(MB) = 0.50. 

il.IS8 Pyrylium, 2,6-bis(1,I-dimethylethyl)-4-[1-[2,6.bis(1,I-dimethylethyl)telluropyran-4-ylidene]-3-propenyl]-

MeOHl H20 8.5 x 107 (kr) CP/Ac-14 S = MB; used kd = 1.7 X 105 s-'; kr derived using 9OF157 
(50:50) «p~(MB) = 0.50. 

MeOHlH20 
(50:50) 

CP/Ac-14 S = RB; used kd = 1.7 X 105 S-I; Icr derived using 90F157 
$t.(RB) = 0.77. 

1'.159 Pyrylium, 4,4' -(1,3-propenyJ)bis[2,6-di(1,1-dimetbylethyl)-

MeOHl H20 3 x 105 (kr) CP/Ac-14 S = RB; used kd = 1.7 x 105 s-1; kr derived using 90F157 
(50:50) $t.(RB) = 0.77. 

) 1.160 Selenopyrylium, 2,6-bis(1,I-dimethylethyl)-4-[1-[2,6-bis(I,I-dimethylethyl)selenopyran-4-ylidene]-3-propenyl]-

MeOHlH20 5x106 (kr) CP/Ac-14 S RB;used~=1.7x105s-';krderivedusing 
(50:50) 4»t.{RB) = 0.77. 

t 1.161 Telluropyrylium, 2,6-his(1,I·dimethylethyl).4·[1·[2,6-bis(I,1-dimethylethyJ)lelluropyran·4-ylidene ]-3·propeny1]-

MeOHl H20 (99:1) 9 x 106 (kf ) CP/Ac-14 S = M8; used kd = 1 X 105 s-l; Icrderived using 

MeOHlH2O 1.8 x 108 (kr) 

(50:5U) 

MeOHlH2O 1.8 x 108 (ke) 

(50:50) 

CP/Ac-14 

CP/Ac-14 

$t.(MB) = 0.50. 

S = M8; used kd = 1.7 x 105 5-1; krderived using 
4lt.(MB) = 0.50. 

S = RB; used kd = 1.7 X 105 8-1; kr derived using 
$t.(RB) = 0.77. 

90F157 

90F157 
92F189 

90F157 

90F157 

H2O 8 x 108 (kr) CP/Ac-14 S MD; used kd 2.4 x 10'i s-1 i kr llt;nvctl using 90F1J7 
$A(MB) = 0.50. 92F189 

11.162 Telluropyrylium, 2,6-diphenyl-4.(2,6-dipbenyltelluropyran-4-ylidene)methyl. 

MeOHl H20 (99:1)· I x 10' Cke) 298 CP/Ac-14 

J 1.163 2,2'-Thiacarbocyanine, 5,5' -dichloro.3,3-diethyl-, bromide 

MeOH 1.3 x 106 (kr) CP/Ac-15 

11.164 2,2' -Thiacarbocyanine, 5,5' -dichioro·3,9,3' -triethyl-, bromide 

MeOH 7.1 x 106 (ke) CP/Ac-15 

11.165 2,2'. Thiacarbocyanine, 5,5' -dicyano.3,9,3'-trietbyl., tetrafluoroborate 

MeOH 3.3 x 106 (krl CP/Ac-15 

n.i66 2,2'-Thiacarbocyanine, 3,3'·dietbyl-, toluenesulfonate 

MeOH 3.5 x 106 (kr ) CP/Ac-15 

S = 2-ACN; used kd = 1.9 x lOs 5-1; Icc derived 
using $t.(S) = 0.75. 

S = 2-ACN; used kd = 1.9 X 105 8-1; k,.derived 
using $t.(S) = 0.75. 

S = 2-ACN: used kd = 1.9 X 105 s-l: k. derived 
using $A(S) = 0.75. 

s = 2-ACN; used ku "'" 1.9 x 105 s-I; kr derived 

using 4»t.(S) = 0.75. 

767071 

767071 

767071 

767071 
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TABLE 11. Rate constants for the interaction of singlet oxygen with diazo compounds and dyes. - Continued 

No. Solvent ~ (kd/k) . 
(mol L-1) 

T Method 
(K) 

11.167 2,2' -Thiacarbocyanine, 3,3' -diethyl·S,5' -dimethoxy-, toluenesulfonate 

MeOH 6.7 x 106 (kr) CP/Ac-15 

11.168 2,2'. Thiacarbocyanine, 3,3' ·diethyl·S,10·dimethyl., toluenesulfonate 

MeOH 2.9 x 108 (kr) CP/Ac-15 

11.169 2,2'-Thiacarbocyanine, 3,3' ·diethyl-S,lO·ethanediyl-, toluenesulfonate 

MeOH 1.2 x 108 (~) CP/Ac-15 

11.170 2,2'.Thiacarbocyanine, 3,3'.diethyl·S,9-(I,3-propanediyl)-, iodide 

MeOH 1.5 x 108 (kr) CP/Ac-15 

11.171 2,2'·Thiacarbocyanine, 3,9,3'·triethyl., bromide 

MeOH 1.6 x 107 (ke) CP/Ac-15 

11.172 2,2'· Thiacarbocyanine, 3,9,3' ·triethyl·S,5' -dimethoxy., toluenesulfonate 

MeOH 3.1 x 107 (kr) CP/Ac-15 

11.173 2,2'· Thiadicarbocyanine, 3,3'·diethyl-, iodide 

MeOH 1.3 x 107 (~) 

11.174 2,2'· Thiatricarbocyanine, 3,3' -diethyl-, iodide 

Propylene 2.7 x 109 (kq) 

carbonate 

Propylene 
carbonate 

MeOH 

CP/Ac-15 

293 PUA'd-5 

293 PUA'd-I7 

CP/Ae-15 

Comment 

S = 2-ACN; used kd = 1.9 x 105 s-l; ~ derived 
using cj>a(S) = 0.75. 

S = 2-ACN; used kd = 1.9 X 105 S-I; Icrderived 
using cj>a(S) = 0.75. 

S = 2·ACN; used kd = 1.9 X 105 s-l; ~ derived 
using cj>a(S) = 0.75. 

S = 2-ACN; used kd = 1.9 x lOs s-l; ~ derived 
using cj>A(S) = 0.75. 

S = 2-ACN; used kd = 1.9 X 105 s-l; ~ derived 
using cj>a(S) = 0.75. 

S = 2-ACN; used kd = 1.9 X 105 S-I; kr derived 
using q,a(S) = 0.75. 

Ref. 

76707J 

767071 

76707J 

767071 

767071 

767071 

S = 2-ACN; used kd = 1.9 x lOs s-l; ~ derived 767071 
usi.ng lJIa(S);;;; 0.75. 

S = MB; A' = DPBF; ~easured kq + kr kq calcd. 87E690 
knowing kr from kcIkrA 

• 

S = MB; A' = DPBF; used Icr A' = 1.0 X 109 L 87E690 
mol-1 S-I. 

s -- 2-ACN; used kd;"; 1.9 x lOS 5-1; kr dcnv.:;d 

using cj>a(S) = 0.75. 
767071 

11.175 Thiopyrylium, 2,6·bis(I,I·dimethylethyl)-4·[I·[2,6.bis(I,1·dimethylethyJ)selenopyran-4-ylidene ]-3-propenyl)-

298 CP/Ac-14 92Plt!>9 

11.176 Thiopyrylium, 2,6·bis(I,1.dimethylethyl).4-[1.[2,6·bis(1,I.dimethylethyJ)thiopyran-4-ylidene )-3-propenyl)-

MeOHl H20 1.3 x 107 (kr) CP/Ac-14 S = RB; used kd = 1.7 x lOs s-l; ~ derived using 90FI57 
(50:50) cj>a(RB) = 0.77. 

11.177 1,2,3-Triazolo[1,2-a )benzotriazole 

CH3CN 4x 104 0.4 CP/Ac-15 

11.178 Tricarbocyanine, 5,5'·dichloro·l,I' ,3,3,3' ,3'.hexamethyl., iodide 

Propylene 4.0 x 109 (kq) 293 PUA'd-5 
carbonate 

Propylene 
carbonate 

293 PUA'd~17 

11.179 Tricarbocyanine, 5,5' ·diftuoro·l,1 ',3,3,3',3' ·hexamethyl-, iodide 

Propylene 7 x 107 (kr) 293 PUA'd-17 
carbonate 

Propylene 
carbonate 

293 PUA'd-5 

83F136 

S = MB: A' = DPBF: l\;fea.c;ured kq + ~ ~ calcd. 87E690 
knowing kr from kcIk/ . 
S = MB; A' = DPBF; used krA: = 1.0 X 109 L 87E690 
mol-1 s-l. 

S MB; A' = DPBF; used k/' = 1.0 X 109 L 87E690 
mol-1 s-l. 

S MB; A' = DPBF; ~easured kq + kp kq calcd. 87E690 
knowing kr from kcIkrA • 
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TABLE 11. Rate constants for the interaction of singlet oxygen with diazo compounds and dyes. - Continued 

:~'#":~ 

;~, Solvent k ~ (kik) T Method Comment Ref. 
(Lmol-1 8-1) (mol L-l) (K) 

~~W··:· 

U;180 'fi'icarbocyanine, 5,5' -dimetboxy-l,l' ,3,3,3',3 '-hexamethyJ-, iodide 

Propylene 1.5 x 108 (kr) 293 PUA'd-17 S = MB; A' = DPBF; used lcrA' = 1.0 X 109 L 87E690 
carbonate morl s-l, 

Propylene 2.6 x 109 (kq) 293 PUA'd-5 S - MB; A' - DPBF; ~eQ3ured kq + kro kq ew.ed. 87E690 
carbonate knowing kr from k./kr A • 

)l,Un Tricarbocyanine, 1,1',3,3,3' ,3'-hexametbyl-, fluoride 

Propylene 8 x 10' (kr) 293 PUA'd-17 S = MB; A' = DPBF; used krN = 1.0 X 109 L 87E690 
carbonate mo)-l S-l. 

Propylene 5.4 x 108 (kq) 293 PUA'd-5 S = MB; A' = DPBF; ¥easured kq + J;., kq calcd. 87E690 
carbonate knowing kr from k/ lcr A • 

U.182 Tlicarbocyanine, 1,1',3,3,3' ,3'-hexamethyl-, iodide 

Propylene 7 x 10' (kr) 293 PUA'd-17 S = MB; A' = DPBF; used kr A' = 1.0 xl09 L 87E690 
carbonate mo)-1 8- 1• . 

Propylene 1.8 x 109 (kq) 293 PUA'd-5 S = MB; A' = DPBF; ~easured kq +4 kq calcd ... 87E690 
carbonate knowing kr from k/lcr A • 

DMSO 1.9 x 105 (kr) 0.078 CUAc-15 S = Th; used kd = 1.3 X 104 s-l; krderived using 82F531 
IPA(S) = 0.87. 

MeOH 1.2 x 106 (kr) 0.14 CUAc-15 S = Th; used kd = 1.4 x lOs S-l; kr derived using 82F531 
IPA(S) = 0.87. 

ctl.IS3 Tricarbocyanine, 1,1',3,3,3' ,3'-hexamethyl-, perchlorate 

Propylene 1.0 x 108 (kr) 293 PUA'd-17 S = MB; A' = DPBF; used kr A' = 1.0 X 109 L 87E690 
carbonate morl S-I. 

Propylene 7.7 x lOs (kq) 293 PUA'd-:5 S = MB; A' = DPBF; l\;1easured kq + kr kq calcd. 87E6~U 

carbonate knowing kr from k/k,/ . 

CH3CN/C6H6 8 X 107 298 CPI Ac,A' c-23 S = A' = Rub; used kd = 3.4 X 104 S-l, kA, = 4.2 x 90F360 
(80:20) 1.6 x 106 (k,.) 107 L mOrl S-I. 

4 x 10' (kq) 

H.184 Tricarbocyanine, 1,1',3,3,3',3' ,5,5'-octamethyl-, iodide 

Propylene 5 x 107 (k.,) 293 PUA'd-17 S = MB: A' = DPBF: used k,A' = 1.0x 109 L 87F1l90 
carbonate mOrIs-I. 

Propylene 5.8 x 108 (kq) 293 PUA'd-5 S = MB; A' = DPBF; ~easured kq + 4 kq calcd. 87E690 
carbonate knowing Ie.. from k./lcr A , 
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TABLE 12. Rate constants for the interaction of singlet oxygen with metal complexes. 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(L mol-1 S-I) (mol L-1) (K) 

12.1 Acetatobis(acetylacetonato )manganese(llI) 

CH3COCH31 H2O 2.2 x 107 PULd-2 S=PdMP. 82A412 
(Yj:j) 

12.2 Ammine[2,2 '-thiobis[ 4-(1 ,1,3,3-tetramethylbutyl)]phenolato ]nickel(ll) 

C6HsCH3 4.8 x 108 CP/A'c-25 S = A' = Rub; used kd = 1 X 105 S-I, kA, = 1.7 x 
108 L mol-I s-I. 

752063 

12.3 Aniline[2,2'-thiobis[4-(I,I,3,3-tetramethylbutyl)]phenolato]nickel(ll) 

C6HsCH3 1.9 x 108 CP/A'c-25 S = A' = Rub: used kd = 1 X 105 S-I, kA , = 1.7 x 
108 L mol-I s-l. 

752063 

12.4 Aqua[2,2' -thiobis(3,4-dimethylphenolato )]nickel(ll) 

C6HsCH3 1.2 x 108 CP/A'c-25 S =A' = Rub; used kd = 1 X 105 s-l, k A,= 1.7 x 
108 L mol-1 s-I. 

752063 

12.5 Aqua[2,2'-thiobis[4-(I,I,3,3-tetramethylbutyl)]phenolato]nickel(ll) 

C6H SCH3 1.4 x 108 CP/A'c-25 S = A' = Rub; uscd kd = 1 x 105 5-', kA' = 1.7 x 
108 L morl s-'. 

752063 

12.6 Bis(acetylacetonato )chloroacetatornanganeseOIn 

CH3COCH31 H2O 2.7 x 107 PULd-2 S=PdMP. 82A412 
(95:5) 

12.7 Bis(acetylacetonato )cobalt(ll) 

C6HSCH3 1 X lOB CP/A'c-25 S = A' = Rub; used kd = I X 105 S-l, kA' = 1.7 x 752063 
108 L mor' S-l. 

CCli CHCl3 1.5 X 108 CP/A/c-23 S = A' = Rub; used kd = 1.4 X 103 S-I, kA, = 7 x 74F645 
(90:10) 107 L rnol-I s-I; Measured kA/(kA'[A1 + kd) = 8.2 

x 104 L morl at [A1 = 5 x 10-6 mol L-I. 

12.8 Bis(acetylacetonato )copper(ll) 

C(jH"CH, 1:11: 108 . CPJA'c-2S S.,"" A' '"" Rub; used k,j '"" 1 x 105 C 1,kA'= 1.7 x 752063 
108 L morl S-I. 

CCl4/CHCl3 3.7 x 106 CP/A'c-23 S = A' = Rub; used kd = 1.4 X 103 s-I, kA, = 7 x 74F645 
(90:10) 107 L morl s-I; Measured kA/(kA,[A1 + kd) = 2.1 

x 103 L mol-1 at [A1 = 5 x 10-6 mol L -1. 

12.9 Bis(acetylacetonato )rnanganese(lll) 

CH3COCH31 H2O 2.5 x 107 PULd-2 S=PdMP. 82A412 
(95:5) 

12.10 Bis(acetylacetonato )nickel(II) 

BuOCH,CH.,OH 7.5 x 107 273 MDIA'c-33 A' = Rub; used kd = 3.8 X 105 s-l, kA, = 7 X 107 L 
mol-I S-l. 

727319 

C6HsBr 6.5 x 107 273 MD/A'c-33 A' = Rub; used kd = 1.3 X 104 s-I, kx = 4.0 X 107 737333 
L mol-1 s-I; Measured kI[(kd/[A,]) + kxl = 0.5 at 
[A'] = 1.5 x 10-4 mol L -1. A exists as a trimer in 
solution. 

C6HSCH3 3 x 108 CP/A'c-25 S = A' = Rub; used kd = 1 x 105 s-I, kA, = 1.7 x 752063 
108 L mol-I S-I. 

CC14/CHC13 8.2 X 107 CP/A'c-23 S = A' = Rub; used kd = 1.4 X 103 s-l, kX = 7 x 74F645 

(90:10) 107 L marl s-l; Measured kA/(kN[A'] + kd) = 4.6 
x 104 Lmol-I at [A'] =5 x 10-6 mol L-1. 

CH2C12 1.5 X 108 298 CP/A'c-23 S = A' = Rub; used kd = 8 X 103 S-l, kAt = 8 X 107 747341 
Lmorl s-l. 

CH2Cl2 7.5 X 107 CP/A'c-23 S = A' = Rub; used kd = 7.3 x 103 s-I, kA' = 7 x 732066 
107 Lmol-l S-I. 
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TABLE 12. Rate constants for the interaction of singlet oxygen with metal complexes. - Continued 

:~'i 
~~, Solvent k ~(kik) T Method Comment Ref. 

(L mol-l s-l) (mol L-l) (K) 
~~~ 

k:'UO Bis(acetylacetonato)nickel(ll) - Continued 

CH3COCH31 H2O 1.5 x 108 PULd-2 S=PdMP. 82A412 
(95:5) 

CHzClz 1.8 x 108 CP/A'c-19 S = A' = Rub; used lea =7.3 x 103 s-l, kA'= 7 x 88FOS9 
107 L mol-l s-l. 

U.ll Bis(acetylacetonato )nickel(ll) dibydrate 

CC141 MeOH(98:2) 6.6x 107 FP/A'd-5 S = MB; A' = DPBF. 78E238 

11.12 Bis(acetylacetonato)tricbloroacetatomanganese(lll) 

CH3COCH31 H2O 2.2 x 107 PULd-2 S=PdMP. 82A412 
(95:5) 

~'~13 Bis(acetylacetonato)zinc(ll) 

CCliCHC13 1.1 X 107 CP/A'c-23 S =A' = Rub; used kcJ = 1.4 X 103 s-l.kA, = 7 X 74F645 
(90:10) 107 Lmol-1 s-I;Measured kA"(kA,[A'] + kd) =6.1 

X 103Lmol-l at [A1 = 5 X 10-6 mol L-l. 

··U.J4 Bis(S-bromo-2-bydroxybenzaldebydato)oickel(ll) dibydrate 

CHC13 5.3 X 107 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 S-I, kg = 5.3 x 79A050 
107 L mol-1 s-1. 

;;;.U.15 .. Bis(2-butene-2,3-ditbiolato)nickel(ll) 

C6HsCH3 2.8 x 1010 CP/A'c-25 S = A' = Rub;. used kd =1 x lOSS-I, kA, = L7x 752063 
108 L mol-l s-I. 

CH3CN/C6~ 1.3x 1010 298 CP/Ac,A'c-23 S = A' = Rub; uSedkd = 3.4 X 104 S-I, kg = 4.2 x 90F360 
(80;20) 9 xlOs <kr) 107 L mol-l 5-1. 

1.4 x 101O(kq) 

: .. Jl.16 Bis[ O-butyl-3,5-di-(1,1-dimethyletbyl)-4-bydroxybenzylpbospbonato ]nickel(ll) 

BuOCH2CH2OH 3.4 x 107 273 MD/A'c-33 A' = Rub; used kd = 3.8 KlOs s-l, kA, = 7 X 107 L 727319 
mol-l S-I~ 

C6HsBr 1.3 x 107 273 MD/A'c-33 A' = Rub; used kd = 1.3 X 104 s-l, kA,= 4.0 X 107 737333 
L mol-1 s-l; Measuredkl[(kd/[A1) + kA,] =0.1 at 
fA1 = 1.5 x 10-4 mol L-1• A exists as a trimer in 
solution .. 

C6HsCH3 2.0x 108 CP/A'c-25 S = A~ = Rub;used kd = 1 X lOS s-I, kA,= 1.7 x 752063 
108 L mol-I s-:-I. ...~ 

C6~ 1.4 ~ 107 PUA'd-8 S ::; MB; A' = DPBF. 76F902 

CCliCHCl3 9.0 x 106 CP/A'c-23 S = A' = Rub; used kd = 1.4 X 103 s-I, kA, = 7 x 74F645 
·(90:10) 107 L morIS-I; Measured kA/(kA'[A1 +.kd) = 5.2 

x 103 Lmol-1at [A1 = 5 x 10-6 mol L -1. 

CH2Cl2 1.6 X 107 298 CP/A'c-23 S::; A' = Rub; used kd= 7.3 x 103 s-l. kA, = 7.3 x 74F642 
lO'Lmorl s-l. . . 

CH2C12 1.4 X 107 298 CP/A'c-23 S = A' = Rub; used kl= 7.3 x 103 S-1, kA, = 7 x 727319 
107 L morl g-1. 

CH2C121 MeOHl 1.0 x 10' 298 CRlA'c~32 Ai = Rub; used kd = 7.3 x103s-1, kA' = 7 X 107 L· 727319 
CsHsN (94:3:3) mor-l s-1; 102* from (PhO)3P03' , 

12.17 Bis[2-[(butylimino )metbyl]-4-bromopbenolato ]nickel(ll) 

CHCl3 3.7 x 109 CP/A'c-33 S= A'= Rub; used kd = 1.7 X 104 s""\ kA' = 5.3 x 79A050 
.107 L mol-l s-I. 

, 12.18 Bis[2-[(butylimino )metbyl]-4-metboxyphenolato]nickel(ll) 

n-C16H34 4.0 x 108 298 MD/A'c-33 A' = Rub; used kd = 9,0 X 104 S-I, kA, == 7:3 X 107 747341 
Lmol-1 S-I. . 

n-CI6H34 2.0x 108 298 MD/A'c-33 A' = Rub; used kd =9.0 x 104 s-I ,kg = 7 X 107 L 727319 
mor,,:1 S-I. 
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TABLE 12. Rate constants for the interaction of singlet oxygen with metal complexes. - Continued 

No. Solvent T Method 
(K) 

12.18 Bis[2-[(butylimino)methyl]-4-rnethoxyphenolato]nickel(lI) - Continued 

CH2C12 2.0 X 109 298 CP/A'c-23 

i-octane! MeOHl 
CsHsN (94:3:3) 

i-octane 

3.4x 109 

3.5 X 109 

CP/A'c-33 

298 CRlA'e-32 

298 CP/A'e-23 

12.19 Bis[2-[(butylimino)methyl]phenolato]nickel(lI) 

CHCl3 2.8 x 109 CP/A'c-33 

12.20 Bis[3-( cyclohexylimino )methyl]-S-ethyl-2-thiophenethionato ]cobalt(ll) 

C6HSCH3 2.7 x 109 PULd-2 

C6H5CH3 3.S x 107 (kr) CP/Ac,A'e-17 

CH3CN 1.9 x 109 PULd-2 

CH3CN 8.S x 106 (kr) CPI AC,A' c-17 

12.21 Bis[3-( cyclohexy limino )methyl]-S-ethyl-2-thiophenethionato ]nickel(lI) 

C6H5CH3 4.7 x 109 PULd-2 

C6HsCH3 5.0 x 107 (kr) CPI Ac,A' c-17 

CH3CN 1.3 x 107 (kr) CP/Ac,A'c-17 

CH3CN 8.4 x 109 PULd-2 

12.22 Bis[3-( cyclohexylimino )methy l]-5-ethyl-2-thiophenonato ]copper(lI) 

C6H5CH3 5.0 x 107 (kr) CP/ Ac,A' c-17 

C6HSCH3 1.5 X 109 PULd-2 

12.23 Bis[3-( cyclohexy limino )methy 1]-5-etbyl-2-thiophenethionato ]zinc(ll) 

C6HSCH3 5.0x 107 PULd-2 

C6H5CH3 1.3 x 107 (kr) CPI AC,A' c-17 

CH3CN 9.0 x 106 (kr) CPI Ac,A' c-17 

CH3CN 1.9 x lOll PULd-2. 

CHCl3 1.2 x 108 PULd-2 

12.24 Bis[2-[( cyclohexylimino )methyl]phenolato ]nickel(ll) 

C6HSCH3 4.7 x 109 CP/A'c-25 

12.25 Bis[I,2-di(2-bromophenyl)-I,2-ethenedithiolato ]nickel(ll) 

CH3CN/C6H6 1.1 x 1010 298 CPI Ae,A' c-23 
(80:20) 9 x lOs (kr) 

1.1 x 1010 (kq) 

12.26 Bis(dibutyldithiocarbamato)cobalt(ll) 

CCli MeOH (98:2) 1.2 x 109 FP/A'd-5 

Comment 

S = A' = Rub; used kd = 8 X 103 s-l, kA, = 7.3 X 
107 L mo)-1 S-I. 

Ref. 

747341 

S = A' = Rub; used kd = 1.7 X 104 S-I, kA' = 5.3 x 79AO)11 
107 Lmorl s-l. 

A' = Rub; used kd 5.0 x 104 s-l, kA' = 7 X 107 L 72731 1) 

morl s-I; 102* from (PhO)3P03' 

S = A' = Rub; used kd = 4.7 X 104 
S-I, kA' = 7.3 x 747341 

107 L mor1 s-l. 

S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 79A050 
107 Lmol-1 s-l. 

S=TPP. 88A507 

S = PP; A' = DPBF; used kr A' = 6.7 X 108 L mol-l 88A507 
-1 s . 

S=TPP. 88A507 

S = MB; A' = DPBF; used 1<rA' = 1.1 X 109 L 88A507 
mor1 s-l. 

S=TPP. 88A507 

S = PP; A' = DPBF; used kr A' = 6.7 X 108 L mol-1 88A507 
-1 s . 

S = MB; A' = DPBF; used 1<r A' = 1.1 X 109 L 88A507 
mol-Is-I. 

S=TPP. 88AS07 

S = PP; A' = DPBF; used kr A' = 6.7 x lOs L mol-l 88A507 
-1 s . 

S =TPP. 88A507 

S=TPP. 88A507 

S = PP; A' = DPBF; used k/' = 6.7 X 108 L mol-1 88A507 
-I s . 

S = MB; A' = DPBF; used 1<rA' = 1.1 x 109 L 
morl s-l. 

88A507 

S=TPP. 88A507 

S=TPP. 88A507 

S = A' = Rub; used kd = 1 X 105 s-1, kA' = 1.7 x 752063 
108 L mol-1 s-l. 

S = A' = Rub; used kd = 3.4 X 104 S-I, kA' = 4.2 x 90F360 
107 LmoI-l s-l. 

S = MB; A' = DPBF. 78E238 
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TABLE 12. Rate constants for the interaction of singlet oxygen with met31 complexes; - Continued 

~) 

:~,. Solvent k 'P(kdlk) T Method Comment Ref. 
(L mol-I S-I) (mol L-I) (K) 

~::~ 

1),27 Bis(dibutyldithiocarbamato )copper(D) 

cCll MeOH (98:2) <5 x 108 FP/A/d-5 S = MB; A' = DPBF; no effect for [A] = 5 X 10-:-6 78E238 
molL-I. 

:1l..i8 Dis( dibutylditbiocarbamato)nickel(D) 

n-C16H34 9.7 x 108 298 MD/A/c-33 A' = Rub; used kd::: 9 x 104 s-I, kA, = 7.3 x 107L 88F415 
morl s-l. 

n;.CI6H34 1.0 x 109 298 MD/A/c-33 A' = Rub; usedkd =9.0 ~ 104 s-l,kA,= 7.3 x.107 747341 
. Lmorl s-I.· .' 

n:"C I6H34 9.0x 108 298 MD/A'c-33 A' = Rub; used kd =9.0x 104 s-I, kA' = 7 x 107L 727319 
mol-1 s-l. 

G#sBr 2.6 x 108 273 MD/A'c-33 A'= Rub; used kd ::: 1.3 x 104 s ... l,kA, = 4.0' x 10' 737333' 
L mol-1 S-I; Measured kJ[(kd/[A 1) + kA'] = 2.0 at 
[A1 = 1.5 x 10-4 mol L-1• 

C6HSCH3 4.3 x 109 CP/A/c-25 S -- A' - Rub; used kd - 1 xlOss~l, kA, -, 1.7 x 75206:3. 
108i-mol-I s-1.' '. ..... . ..... 

C6~ 6x 109 298' CP/Ac,A'c-23 S = A' = Rub; used kd = 4.2 X 104 s...,I, kA, ~ 4~2X 90F360 
5.2 x 109 (kq) 107 Lmol-1 s-1, , 

C6HdEtOH 1.6 x 109 295 CPlP'a-19 S = RB; A' = TEMP-4-0H; used kd = 3 X 104 s-l; 757445 
(89:11) P'=TEMPOL; 

'CCli MeOH (98:2) 4.1 x 109 FP/A'd-S S = MB; A' = DPBF. 78E238 

CH2Cl2 1.2 x 109 293 CP/Oc-22 S = ChI a; A' =' Soybean oil; used kd = 1.0 x' '104 91U026 
-1 . 

90U480 s . 

CH2Cl2 3.5 X 109 2.1 X 10-:-6 CP/A'c-19 S=A'=Tetr; usedk(t =·7.3.x 103 S'71, 7SF654 

CH2Cl2 9.0 x 109 298 CP/A'c-23 S = A' = Rub; used kd = 8 X 103 S-I, kA' = 8 x.107 747341 
Lmor1 s-l. 

CH2Cl2 8.0x 109 298 CP/A'c-23 S= A' = Rub; used kd = 7.3 X 1.03 s-1, kA,= 7.3 x 74F642 
. 107Lmol-1 s-I. . 

CH2Cl21 MeOHl ~1.0x 109 298 CRlA'c-32 A' = Rub; used kd = 7.3 X 103 s-l, kA' = 7 x 107L ' 727319 
CsHsN (94:3:3) mor l s-I;102* from (PhOhP03' Interference 

by chelateozoni<Je reacti9nto,give colored. 
products. 

CHCl3 7.7 x 109 CPlP'a-17 S = 1,5-Diamino-4;8-dihydroxyanthraquinone;" 80E446 
A' == DMA; used k/' = 3.2 X 107 L mol-1 s-l. . 

CHCh 8.1 x 109 CP/A/c-33 S =A' ~ Rub: used kd =1.7 x 104 s-I, kA' = 5.3 x 79A050 
. '107 t mOrl S-I. . ..' . . 

CS2/ MeOH (98:2) 4x 109 FP/A'd-5 S = MB; A' = DPBF. 737334 

DMF 2.0 x 109 CP/A/c-25 S = TTMPP; A' = DPBF; used kd = 1.0 x 105 s-l, 92F505 
kA' = 1.1 X 109 L moJ-1 S-1. 

DMF 3.6 x 1010 301 MPlP'a:'19 S ~ Pt(phen)(BCAn; A' ='2,2,6,6-TetriUnethyl- ' 89F181 
4~piperidinol; used kd = lAx 105 S-I; P' = 
2,2,6,6:.. Tetramethyl~~hydroxypiperidine-l.oxyl· 
detected by esr. 

DMF 1.1 x 1010 MP/P'a-19 S = HP; A' = TEMP-4-0H; used kd= 1.4 x 105 89F311 
s-I;p' = TEMPOL; esrdetection·. . '. '.~ 

DMF -2 x 1010 301 MP/P'a-19 S = Pt(phen)(N3)2; A' = TEMP04-0H; usedkd == 88A276 
1.4 x 105 s-I; P' = TEMPOL; detected byesr. 

i-octanl l.7.x 1010 298 CP/A/c-23 S = A' = Rub; used kd = 4~7 X 104 S-I, kA' = 7.3 x 
107 L mol-Is-I. 

747341 

i-octane 7.0x 109 ; 298 CP/A'c-23 S = A' = Rub; used kd =4.0x 104 s-l,kA,=7 x 
107 L mol-1 s-l. 

727319 

12.29 Dis(dibutyldithiocarbamato)zinc(ll) 

C6HSBr Sl x 106 273 MD/A'c-33 A' = Rub; No measurable effect. 737333 

CS21 MeOH (98:2) 2x 107 FP/A'd-5 S = MB; A' = DPBF. 737334 
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TABLE 12. Rate constants for the interaction of singlet oxygen with metal complexes. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(L mol-I s-I) (mol L -1) (K) 

12.29 Bis(dibutyldithiocarbamato)zinc(ll) - Continued 

i-octane ~1 x 106 CP/A'c-23 S = A' = Rub; used kd = 4.7 X 104 s-I, kA' = 7.3 x 
107 L mol-I S-I. 

747341 

12.30 Bis[ 0,0' -di-( 4-tert-butylphenyl)phosphorodithiolato ]cobaJt(ll) 

C6H6 1.2 x 109 CP/A'c-23 S = A' = Rub; used kd =2.8 x 104 8-1, kA,= 3 x 
107 L morl s-I. 

78F497 

12.31 Bis[0,0'-di-(4-tert-butylphenyl)phosphorodithiolato]copper(II) 

C6H6 7.0x 106 CP/A'c-23 S = A' = Rub; used kd = 2.8 X 104 s-l, kA, = 3 x 
107 L morl s-l. 

78F497 

12.32 Bis[0,O'-di-(4-tert-butylphenyl)phosphorodithiolato]nickel(ll) 

C6H6 2.3 x 109 CP/A'c-23 S = A' = Rub; used kd = 2.8 X 104 S-I, kA,= 3 X 
107 L mo)-1 s-l. 

78F497 

12.33 Bis[I,2-di(2-chlorophenyl)-1,2-ethenedithiolato ]nickel(lI) 

CH3CN/C6H6 1.1 x 1010 298 CPI Ac,A' c-23 S = A' = Rub; used kd = 3.4 X 104 s-I, kA, = 4.2 x 90F360 
(80:20) 1)( 106 (kr) 107 L mol-1 s-l. 

1.2 X 1010 (kq) 

12.34 Bis[I,2-di(4-chlorophenyl)-I,2-ethenedithiolato]nickel(ll) 

CH3CN/C6H6 1.2 x 1010 298 CPI Ac,A' c-23 S = A' = Rub; used kd = 3.4 X 104 s-l, kA, = 4.2 x 90F360 
(80:20) 1.1 x 106 (kr) 107 L morl S-I. 

1.2 x 1010 {kq} 

12.35 Bis(dicyclohexylphosphinodithiolato)nickel(ll) 

CHC13 5.7 x 109 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA, = 5.3 x 
107 L mol-l s-l. 

79A050 

12.36 Bis(O,O'-dicyciohexylphosphorodithiolato)cobalt(ll) 

C6HsCH3 2.7 x 109 CP/A'c-25 S = A' = Rub; used kd = 1 x 105 s-l, kA, = 1.7 x 
108 L mol-l S-I. 

752063 

12.37 Bis[I,2-di(2,4-dichlorophenyl)-I,2-ethenedithiolato]nickel(ll) 

CH3CN/C6H6 1.2 x 1010 298 CPI Ac,A' c-23 S = A' = Rub; used kd = 3.4 X 104 s-l, kA, = 4.2 x 90F360 
(80:20) 3.1 x 106 (kr) 107 L mol-I s-l. 

1.3 x 1010 (kq ) 

12.38 Bis[I,2-di(3,4-dichlorophenyl)-I,2-ethenedithiolato]nickel(1l) 

CH3CN/C6H6 1.2 x 1010 298 CP/Ac,A'c-23 S = A' = Rub; used kd = 3.4 X 104 s-l, kA, = 4.2 x 90F360. 
(80~'O) 2.4 x 106 (kr) 107 L morl s-l. 

1.2 x 1010 (kq) 

12.39 Bis[l,2-di(dimethylaminophenyl)-I,2-ethenedithiolato]nickel(lI) 

CH3CN/C6H 6 9.8 x 109 298 CP/Ac,A'c-23 ~ = A' = Rub: used kd = 3.4 X 104 S-I, kA , = 4.2 x 90F360 
(80:20) 3 x 105 (kr) 107 L mol-l s-l. 

9.8 x 109 (kq) 

12.40 Bis(diethyldithiocarbamato)nickel(ll) 

CCli MeOH (98:2) 6.6 x 109 FP/A/d-5 S = MB; A' = DPBF. 78E238 

DMF 3 x 1010 301 MPlP'a-19 S = Pt(DHBA)(DPA); A' = TEMP-4-0H; used kd 94FOO4 
= 1.4 x 105 s-l, kA, = 6.7 X 107 L mol-1 s-l; P' = 
TEMPOL; detected by esr. 

DMF 1.5 x 1010 301 CP/P'a-19 S = Pt(phen)(DMT); A' = 2,2,6,6-Tetrarnethyl-4-
piperidinol; used kd = 1.4 x 105 S-l; P' = 

92F210 

TEMPOL obs. by esr. 

DMF 1.3 x 1011 CP/A'c-22 S = A' = Pt(phen)(DMT); used kd = 1.4 x 105 S-I. 91F098 
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TABLE 12. Rate constants for the interaction' of singlet oxygen, with metal complexes. - Continued 

,;~7)================================================ 
!'IO; Solvent T Method Comment Ref. 

(K) 
:;.:""'-_---:_---------------'------'--------'---'------------------'---

)s 2.41 Bis[1,2-di( 4-ethylphenyl)-1,2-ethenedithiolato ]cobalt(ll) 

C6~ 5.5 x 109 

1.6 X 106 (kr) 
5.4x 109 (kq) 

; 1'1,42 Bis[1,2-di( 4-ethylphenyl)-1,2-ethenedithiolato ]nickel(ll) 

C6~ 7.8x 109 

1 x 105 (kr) 
7.1 x 109 (kq) 

12,43 Bis[1,2-di(4-ethylphenyl)-1,2-ethenedithiolato ]platinum(ll) 

8.5x 109 

2 x 10' (Icr) 
'8;O'x 109 (kq) 

:Jl,44 Bis( 0,0' -diethylphosphorodithiolato )nickel(ll) 

CH3CN/C6~ '6.8 x 109 

(80:20) 3.6 x 106 (kr) 

'8:2xI09 (kq) 

298 CP/Ac,A'c-23 S = A' = Rub; used kd = 4.2 X 104 s-l, kA, = 4.2 x 90F360 
107 Lmorl S-I. 

298 CP/Ac,A'c-23 S = A' = Rub; used kd = 4.2 X 104 s-l, kJ.: = 4.2x 90F36O 
107 Lmol-I S-I. 

298 CP/Ac,A'c-23 S = A' = Rub; used kd = 4.2 X 104 s-I, kA, = 4.2 x 90F36O 
107 Lmol-1 S-I. ' " , 

298 CP/Ac,A'c-23 

CP/A'c.'n 

S = A' = Rub; used kd = 3.4 x 104 S-I, kA, = 4.2 x 
107 L mol-l s-I. ' ", 

90F360 

S ,;" A' == Rub; ulled Ku"" 1:7 x 104 1l-1> KA' "" 5.3 x 79A050 
107 L mol-I S-'I. 

12.45, Bis[2,3-dihydro-N-2-pyridinyl-3-(2-pyridinylimino)isoindol-l-amine]nickel(ll) 

CHCl3 1.6 x 108 CP/A'c-33 

,U.46 Bis(diisopropyldithiocarbamato )cobalt(ll). ' 

n-CI6H34 9.0 x 108 298 MD/A'c-33 

CH2Cl2 1:9 x 109 ' CP/A'c-23 

i-octane 1.9 x 109 298 CP/A'c-23 

12,47 Bis(diisopropyldithiocarbamato )copper(ll) 

CH2C12 <1.0 x 107 CP/A'c-23 

tl.48 Bis(diisopropyldithioca~ba~9to)iron(IIl) 

n-CI6H34 1.2 x 109 298 MD/A'c-33 

,CH,CI, 4.3 x 109 298 CP/A'c-23 

CH2C12 3.9 X 109 298 CP/A'c-23 

CH2Cl2 3.8 X 109 CP/A'c-23 

i-octane 3.8 x 109 298 CP/A'c-23 

12.49 Bis(diisopropylditbiocarbamato )manganese(l 

CH2C12 <LOx 107 CP/A'c-23 

U.50 Bis( diisopropyldithiocarbamato )nickel(ll) 

CH2C12 3.4 X 109 CP/A'c-23 

S = A' = Rub; used kd = 1.7 x 104 S-I, kA, = 5.3 x 79A050 
107 Lmol-I S-I. 

A' = Rub; used kd = 9.0 X 104 s-I, kA,=7.3 X 107 747341 
Lmorls-I. "," 

S "" A' = Rub; used kd = 7.3 X 103 S-I, kA,= 7 x 732066 
107 L morl s-l. 

S = A' = Rub; used kd =4.7 x 104 s-l, kA,=7.3 x, 747341 
107 L morl s-I. 

S = A' = Rub; used kd = 7.3 X 103 S-I, kA,=7.3 x 732066 
107 L mol-1 S-I. ' 

A' = Rub; used kd = 9.0 X 104 s':'\kA,= 7.3 X 107 747341 
Lmorls-I, 

S = A' = Rub; used kd = 7.3 X 103 s-I, kA, = 8 x 747341 
107 Lmol-1 S-I, . 

S = A' = Rub; used kd = 7.3x 103's-l, kA; =7.3 x 74F642 
107 Lmor1 s-1• ' 

S = A' = Rub; used kd = 7.3 X 103 S-I, kA,=7 x 
107 L morl S-I. 

732066 

S = A' = Rub; used kd= 4.0 x 104 S-I, kA, "" 7.3 x 74F642 
107 L morl s-l. 

S =A' = Rub; used kd =7.3 x 103 8-1, kA,=7x 
107 L mor-I s-l. . 

732066 

S= A' = Rub; used kd = 4.0 X 104 s-l, kA, = 7 x 
107 L morl s-I. 

732066 
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TABLE 12. Rate constants for the interaction of singlet oxygen with metal complexes. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(Lmor1 s-l) (mol L-1) (K) 

12.51 Bis( diisopropyldithiocarbamato )zinc(ll) 

CH2Cl2 <1.0 x 107 CP/A'c-23 S = A' = Rub; used kd = 7.3 X 103 s-l, kA, = 7 X 

107 Lmol-1 S-I. 

7320(1(' 

12.52 Bis( 0,0' -diisopropyiphosphorodithiolato )nickel(ll) 

C2H5C02CH3 6.4 x 109 293 PULd-2 S = Pz and 2-ACN. 92E21 !I 

C6H5CH3 6.5 X 109 293 PULd-2 S = Pz and 2-ACN. 92E22 I I 

CCli MeOH (98:2) 7.6 x 109 FP/A'd-5 S = MB; A' = DPBF. 78E2.ls 

CH2Cl2 5.4 X 109 CP/A'c-23 S = A' = Rub; used kd =4.0 x 104 S-l, kg= 7 X 

107 L mol-1 s-l. 
732()()(, 

12.53 Bis[1,2-di(4-methoxyphenyl)-I,2-ethanedithionato]nickelate(l), tetrabutylammonium salt 

CH3CNI C6H6 8.6 x 109 298 CP/Ac,A'c-23 S = A' = Rub; used kd = 3.4 X 104 s-l, kg = 4.2 X 90F361l 
(80:20) 8.4 x 106 (kr) 107 L morl s-I. 

8.9 x 109 (kg) 

12.54 Bis[I,2-di(4-methoxyphenyl)-I,2-etheneditbiolato ]nickel(ll) 

CH3CN/C6H6 
(80:20) 

1.0 X 1010 
4 X lOS (kr) 

1.0 x 1010 (kq) 

12.55 Bis( dimethyldithiocarbamato )bismuth(ll) 

C6H6/EtOH 
(89:11) 

12.56 Bis( dimethyldithiocarbamato )nickel(ll) 

DMF 3x 103 

0.067 

12.57 Bis[2-[ (1,I-dimethylethylimino )methyl]phenolato ]nickel(ll) 

C6H6 2.6 x 108 

12.58 Bis[ 4-(I,I-dimethylethyl)phenylsalicylato ]nickel(ll) 

CCli CHCl3 1.5 x 107 

(90:10) 

12.59 Bis[3,s-di(l-methyletbyl)salicylato]cobaIt(ll) 

3.0 X 107 

12.60 Bis[3,s-di(l-methylethyl)salicylato]nickel(l1) 

12.61 Bis[ 0,0' -di( 4-methylphenyl)phosphorodithiolato ]cobaJt(ll) 

C6H6 1.1 x 109 

12.62 Bis[0,0'-di(4-methylphenyl)phosphorodithiolato]copper(lI) 

C6H6 2.0 x 106 

12.63 Bis[ 0,0' -di( 4-methylphenyl)phosphorodithiolato ]nickel(ll) 

C6H6 2.3 x 109 

298 CP/Ac,A'c-23 S=A'=Rub; usedkd =3.4x 104 s-l,kA,=4.2 x 90F360 
10' L marl S-I. 

295 CP/P'a-19 S = RB; A' = TEMP-4-0H; P' = TEMPOL; no 75744) 
effect for [A] = 1.8 x 10-5 mol L -1. 

CP/A/c-19 S = A' = Tetr; used kd = 7.3 X 103 s-l, PA' = 4.0 x 75F654 
10-4 mol L-1• 

CP/A'c-19 S = RB; A' = DMA; used kd = 1.4 X 105 s-l, kA, = 86F622 
1.4 x 107 L mol-I s-l. 

PUA'd-8 S = MB; A':; DPBF. 76F902 

CP/A/c-23 S = A' = Rub; used kd :; 1.4 X 103 s-l, kA,= 7 x 74F645 
107 L mol-1 S-I; Measured kA/(kA,[A'] + kd) = 8.5 
x 103 L marl at LA'J =:> x 10 6 mol L-I

• 

CP/A'c-25 S = A' = Rub; used kd = 1 X 105 s-l, kA,= 1.7 x 752063 
10l! L mol-1 S-I. 

CP/A'c-25 S = A' = Rub; used kd = 1 X 105 s-l, kA' = 1.7 x 752063 
108 L mol-1 s-l. 

CP/A'c-23 S = A' = Rub; used kd = 2.8 X 104 s-I, kA, = 3 x 78F497 
107 L mor1 s-l. 

CP/A'c-23 S = A' = Rub; used kd = 2.8 X 104 s-l, kA,= 3 x 78F497 
107 L mol-1 s-l. 

CP/A'c-23 S = A' = Rub; used kd = 2.8 X 104 s-l, kA, = 3 x 78F497 
107 L mol-1 S-I. 
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TABLE 12. Rate constants for the interaction of singlet oxygen with metal complexes. - Continued 

,.' Solvent k ~ (kcJlk) T Method Comment Ref. 
(L mol-1 s-I) (mol L-1) (K) 

Bis(dipbenylditbiocarbamato)nickel(ll) 

CH03 6.3 x 109 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-I, kA' == 5.3 x 79A050 
107 L morl s-l. 

. i-octane <LOx 106 298 CP/A'c-23 S = A' = Rub; used kd = 4.7 X 104 s-I, kA, = 7.3 x 747341 
107 L marl S-I. 

;:n;6~' Bis(l,2-dipbenyl-l,2-ethanedithionaio)nickelate(l), tetrabutylaminoliium salt 

CH3CNI C6~ 9.2 x 109 298 CP/Ac,A'c-23 S = A' = Rub; used kd ~ 3.4 X 1048-1, kA, = 4.2 x 90F360 
(80:20) 4.3 x 106 (kr) 107 L mol-I s-I. 

'9.7 x 109 (kq) 

~~"" Bis[1,2-diphenyl-l,2':ethenedithiolato]nickel(D) 

C6HsCH3 2.2 x 1010 

CH3CN/C6~ 
. (~O;.20) 

1.3 X 1010 

9 x 100; (kr) 

1.2 x 1010 (kq) 

1.6 x 1010 

1.1 X 1010 

~l't~67" Bis( O,O'-diphenylphosphoroditbiolato)cbromium(D) 

G6~ 3.2 x 106 ' 

f~t.68 Bis( 0,0' -diphenylphosphoroditbiolato)cobalt(D) 

C6~ 1.2 x 109 

:::0. 

:J1;69 Bis( 0,0' -diphenylphosphoroditbiolato)copper(D) 

-- C6li6 1.7 x 106 

;~1.70 Bis( O,O'-diphenylphosphoroditbiolato )lead(D) 

C6li6 3.4 x 107 

.:~'t71.··, Bis( 0,0' -dipbenylphospboroditbiolato)nickel(II) 

C6~ 2.5 x 109 

IJ X 1010 

'1~.71 Bis( 0,0' -diphenylphosphoroditbiolato)zinc(D) 

~li65.0x 106 

12~73 '.Bis(dithioacetylacetonate)cobalt(D) 

C6HsCH3 9.4 X 108 

CH20 2 

CH3CN 

CH3COCH3 

CHCl3 

1.8 X 108 

7.2 X 108 

9.0 x 108 

7.4x 108 

CP/A'c-25 S = A' = Rub; used kd = 1 x 105 s-I, kA, = 1.7 X 
108 L marl 8-1. 

298 CP/Ac,A'c-23 , S = A' = Rub; used kd = 3.4 X 104 s.,.l, kA, = 4.2 X 
107 L 111ul-1 s-I • 

293 CPlP'a-23 S = A' = 2,4-Di[2-hydroxy-4-
(diethylamino)phenyl]squarylium; used kd = 1.7 
X 104S-:-1~ kA' = 1.2 :<109 Lmol-:-1s-1; meas. 
kAlkA' = 13. 

752063 

90P360 

90F554 

CP/A'c-33 S = A' = Rub; used kd= 1.7 x 104 S-I, kA, = 5.3 x 79A050 
107 L mol-I s-I. 

CP/A'c-23 S = A' = Rub; used kd = 2.8 X 104 s.,.I,kA'== 3 x 78F497 
107 L morl s-l. 

CP/A'c-23 S = A'-= Rub; us~d kd = 2.8 X 1()4 8":'1, kA' = 3x 78F497 
107 L mol-I s-I. . 

CP/A'c-23 S ~ A'-= Rub; usedkd = 2.8 x 104 s-I, kA"~ 3 x 78F497 
107 L morl s-l. . 

CP/A'c-23 S = A' = Rub; used kd =2.8 x 104 s-l,kA'= 3 x 78F497 
107 L marl S-I. -

CP/A'c-23 S = A'= Rub: used k~ = 2.8 X]04 8-1: k~, =3 x 78F497 
107 Lmorl s-I. 

CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-I, kA, = 5.3 x 79A050 
107 L mort 8-1. 

CP/A'c~23 S = A' = Rub; used kd = 3 X 107 s-I. 78F497 

-293. PULd-2 S = An or PPDME; Ea= 4.2 kJ mol-I; log(A) = 86A540 
9.7. 

293 PULd-2 S = An or PPDME. 86A540 

293 PULd-2 S = An or PPDME. 86A540 

293 PULd .. 2 S =Ancir PPDME. 86A540 

293 PULd"2 S= An or PPDME. 86A540 
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TABLE 12. Rate constants for the intemction of singlet oxygen with metal complexes. - Continued 

No. Solvent T Method Comment Ref. 
(K) 

12.74 Bis( ditbioacetylacetonato )nickel{lI) 

C6H5Br 2.3 x 108 273 MD/A'c-23 A' = Rub; used kd = 1.3 X 104 s-I, kA, = 4.0 x 107 7373] \ 
L mol-I s-I; Measured kI[(kd/[A 1) + kA,] = 1.8 at 
[A'] = 1.5 x 10-5 mol L-1. 

12.75 Bis[1,2-di( 4-trifluoromethylpheny 1)-I,2-ethanedithionato ]nickelate{l), tetrabutylammonium salt 

CH3CN/C6H6 1.1 x 1010 298 CP/Ac,A'c-23 S = A' = Rub; used kd = 3.4 X 104 s-I, kg =4.2 x 90F360 
(80:20) 2.1 x 106 (kr) 107 L mol-I S-I. 

1.0 x 1010 (kq) 

12.76 Bis[1,2-di(4-trifluoromethylphenyl)-1,2-ethenedithiolato1nickel{ll) 

CH3CNI C6H6 1.4 x 1010 298 CP/Ac,A'c-23 S = A' = Rub; used kd = 3.4 X 104 s-l, kA' = 4.2 X 90F360 
(80:20) 2.7 x 106 (kr) 107 L mol-1 S-I. 

1.4 x 1010 (kg) 

12.77 Bis[I,2·di(3,4,5-trimethoxyphenyl)·I,2.ethanedithionato ]nickeiate(l), tetrabutylammonium salt 

CH3CNI C6H6 7.0 x 109 298 CP/Ac,A'c-23 S = A' = Rub; used kd = 3.4 X 104 s-I, kg = 4.2 x 90F360 
(80:20) 4.9 x 106 (kr) 10' L mol-t s-I. 

7,6 X 109 (kq) 

12.78 Bis[1,2-di(3,4,5-trimethoxyphenyl)-I,2-ethanedithionato]nickelate(l), 4-[1,5,s-tri(4-diethylaminophenyl)pentadienyUdene]anilinium salt 

CH3CNI C6H6 5.6 x 109 298 CP/Ac,A'c-23 S = A' = Rub; used kd = 3.4 x 104 s-I, kA, = 4.2 x 90F360 
(80:20) 5 x 105 (kr) 107 L mol-1 s-I, 

5.1 X 109 (kq) 

12.79 Bis[1,2·di(3,4,5-trimethoxyphenyl).1,2-ethenedithiolato1nickel{ll) 

CH3CN/C6H{) 
(80:20) 

9.7 x 109 

4 x lOS (kr) 

9.6 x 109 (kq) 

298 CP/Ac,A'c-23 S - A' - Rub; used k(j" 3.4 x 104 $-1, kA , = 4.2 x 90F360 
107 L morl s-I. 

12.80 Bis[2-[ (dodecylimino )methyl]phenolato ]cobalt{ll) 

CP/A'c-25 

12.81 Bis(2-( (dodecylimino )methyl]phenolato ]copper(ll) 

C6H5CH3 5.0 X 107 CP/A'c-25 

12.82 Bis[2-[ (dodecylimino )methyl]phenolato ]nickel(II) 

C6H5CH3 7.0 X 109 CP/A'c-25 

12.83 Bis[ O-ethyl-3,S-di-(1,1-dimethylethyl)-4-hydroxybenzylphosphonato ]nickel{ll) 

CH2C12 3.6 x 106 2.0 X 10-3 CP/A'c-19 

CHC13 2.2 x 107 CP/A'c-33 

12.84 Bis[S-ethyl-3·[(3-pyridinyIimino)methyl]-2-thiophenethionato]cobalt{ll) 

S = A' = Rub; used kd = 1 x 105 S-1, kA, = 1.7 X 

108 Lmorl s-l. 

S = A' = Rub; used kd = 1 X 105 s-1, kA , = 1.7 X 

108 L mol-1 S-I. 

S = A' = Rub; used kd = 1 X 105 s-1, kg = 1.7 X 

108 L mol-1 s-l. 

752063 

752063 

752063 

S == A' = Tetr; used kd = 7.3 X 103 s-l. 75F654 

S == A' = Rub; used kd = 1.7 X 104 
S-I, kA, = 5.3 x 79A050 

107 J. mo1-1 ct. 

C6H5CH3 5.0 x 107 (kr) CP/Ac,A'c-17 S = PP; A' = DPBF; used kr A' = 6.7 X 108 L morl 88A507 
s-1. 

1.5 X 109 

4.0 x 106 (kr) 

12.85 Bis[I,1,1,4,4,4.hexafluoro-2-butene-2,3-dithiolato]nickel(II) 

CHCl3 8.1 X 109 

PULd-2 S=TPP. 

CP/Ac,A'c-17 S == MB; A' = DPBF; used k/ = 1.1 X 109 L 
mol-1 s-l. 

88A507 

88AS07 

PULd-2 

CP/A'c-33 

S=TPP. 88A507 

s = A' == Rub; used kd = 1.7 x 104 s-l, kg;;; 5.3 x 79A050 
107 Lmol-1 s-I. 
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TABLE 12. Rate constants for the interaction of singlet oxygen with metal complexes. - Continued 

. Solvent ·T Method 
(K) 

.B'~ Bis[hydrotris(l-pyrazolyl)borato JnickeJ(D) 

. CHCI3 2.1 X 106 . CP/A'c-33 

u..l' Bis(2'-hydroxyacetophenone oximatO)nickel(llJ. 

.C6HsCH3 5.2 x 109 CP/A'c-25 

~!t.1t4 Bis(2-hydroxybenzaldehydato )nickel(ll) dihydrate 

, CHCI3 4.6 X 107 CP/A'c-33 

~~ .• 9 Bis(2-hydroxybenzaldehyde oximato )nickel(D) 

C~SCH3 5.9x 109 CP/A'c-2S 

~~9() Bis[2-hydroxybenzaldehyde phenylbydrazonelnickel(ll) 

tC~sCH3 7.5 xl09 CP/A'c-25 

l2.!Jl Bis[2'-hydroxy-4 '-tert-butyloctadecanophenone oximato ]palladimn(D) 

G~ 6.0 x 107 298 PUA'd-8 

~a.?l Bis(2-hydroxy-5-metboxybenzalt:lebydato)nickel(ll) dibydrate 

CHCl3 1.2 x 108 CP/A'c-33 

~l~?3. Bis[2' -hydroxy-4' -methylacetophenone oxbnato)nlckel(D) 

C6~ 3.0 x 109 298 PUA'd-8 

:11.94' Bis[2-hydroxy-S-methylbenzophenonato ]nickel(D) 

C6HsCH3 3.9x 109 CP/A'c-25 

;U.95 Bis[2' -hydroxy-4' -methyldodecanophenone oximato lnickel(ll) 

C~5CH3 5.7 x 109 CP/A'c-25 

2.7 X 109 298 PUA'd-8 

ll.96 Bis[2';(iminomethyl)phenolato ]nickel(D) 

CHC13 3.2 x 109 CP/A'c-33 

12.97 Bis(4~imino-2-pentanonato)nickel(D) 

C6HSCH3 7.2 X 109 CP/A'c-25 

12.98 Bis[ O~(l-methylethyl)carbonodithionato ]nickel(ll) 

i-octane 5.4 x 109 298 CP/A'c-23 

12.99 Bis[4-methyl-l,2-benzenedithiolato]cobalt(ll) tetrabutylammonium salt 

C6HSCH3 3.5 x 109 CP/A'c-25 

J2~100 Bis[ 4-metbyl-l,2-benzenedithiola~o jnickel(lI)' tetrabutyJaminoniwn salt 

C6HsCH3 5.8 x 109 CP/A'c-25 

Comment Ref. 

S = A' = Rub; used kd = 1.7 X 104 s-l, kA,= 5.3 x 79AOSO 
10' L mor1 s-1. 

S = A' = Rub; used kd = 1 X lOs s-l, kA,= 1.7 x 752063 
. 108 L mol-:1s-1~ 

S = A' = Rub; used kd = 1.7 X 104 s-l, kA, = 5.3 x 79AOSO 
107 L mor1 s-l. 

S = A' = Rub; used kd = 1 X lOs s-l, kt>: = 1.7 x 752063 
108 L mol-1 S-I. 

S = A' = Rub; used kd = 1 X lOs s-I, kt>: = 1.7 x 752063 
108 L mol-1 s-l. 

S = An; A' = DPBF. 737438 

S= A' = Rub; used kd = 1.7 X 104 s-l, kg = 5.3 x 79A050 
107 Lmorl s-l. 

S = An; A' = DPBF. 737438 

S = A' = Rub; used kd = 1 X lOs s-l, kA, = 1.7 x 752063 
108 L mol-1 s-l. 

S.:: A' = Rub; used kd = 1 X lOs s-1, kt>: = 1.7 x 
108 L mol-1 s-l. 

S = An; A' = DPBF. " 

752063 

737438 

S = A' = Rub; used ~ = 1.7 X 104 s-1, kA, = 5.3 x 79A050 
107LmoC1 S~l. 

S = A' = Rub; used kd = 1 X lOs s-l, kA' = 1.7 x 752UO:.i 
108LmoC1 S-1. .' 

S = A' = Rub; used kd = 4.0 X 104 
S-I, kAt = 7.3 x 74F642 

107 L mor1 S-I. 

S = A' = Rub; used kd = 1 X lOs s-l, kA' = 1.7 x 
108 Lmor-:1 s-l, 

S = A' = Rub; used kd = I X lOs S-I, kg = 1.7 X 

108 L rriol-1 s-l. 

752063 

752063 
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TABLE 12. Rate constants for the interaction of singlet oxygen with metal complexes. - Continued 

No. Solvent T Method 
(K) 

12.101 Bis[2-[ (l-methylethyJimino )methylJphenolato lnickel(ll) 

C6HsCH3 5.9 x 109 CP/A/c-25 

2.6 x 10° CP/A'c-33 

12.102 Bis[N-methyl-7 -(methylimino )-I,3,5-cycIoheptatrien-l-aminato ]nickel(Il) 

CHC13 6.1 x 109 CP/A/c-33 

12.103 Bis( 4-methylphenyldithiocarbamato )nickel(II) 

CHC13 1.1 x 1010 CP/A/c-33 

Comment 

S = A' = Rub; used kd = 1 X 105 s-l, kA, = 1.7 X 

108 L mol-1 s-l. 

Ret 

7520(,· 

S = A' = Rub; used kd = 1.7 x 104 s-1, TeA' = '.3 X 79Alr,' 
107 L mol-1 S-I. 

S = A' = Rub; used kd = 1.7 X 104 S-I, kA, = 5.3 X 79A()"1 
107 Lmorl s-l. 

S = A' = Rub; used kd = 1.7 X 104 s-l, kA, = 5.3 X 79AO'11, 
107 L morl S-I. 

12.104 Bis[N-(4-methylphenyl)-7 -{ (4-methylphenyl)imino ]-I,3,5-cyc1oheptatrien-l-aminato ]nickel(ll) 

CHCl3 5.6 x 109 CP/A/c-33 S = A' = Rub; used kd = 1.7 x 104 s-l, kA: = 5.3 x 79AO\1 i 
107 L mol-1 S-l. 

12.105 Bis[2-[ (l-methylpropylimino )methyl]phenolato ]nickel(lI) 

C6HSCH3 4.0 x 109 CP/A/c-25 

12.106 Bis[2-[[ (4-(phenylamino )phenyl)imino ]methyl]phenolato ]nickel(lI) 

C6HSCH3 1.7 x 109 CP/A'c-25 

12.107 Bis{phenyldithiocarbamato)nickel(ll) 

C6H6 4.4 x 109 303 CP/P'a-16 

CHC13 1.1 X 1010 CP/A/c-33 

303 CR/P'a-32 

12.108 Ris[2-[(phenylimino)methyJ]phenolato]t'obaJt(ll) 

C6HsCH3 3.2 X 109 CP/A'c-25 

12.109 Bis{2-[ (phenylirnino )methyl]phenolato ]copper(II) 

C6HSCH3 4.0 x 108 CP/A/c-25 

12.110 Bis[2-[ (phenylimino )rnethyl]phenolato ]nickel(Il) 

C6HSCH3 7.8 x 109 CP/A'c-25 

12.111 Bisl2,2'-thiobislO,O'-di(4-tert-butylphenyl)phosphoromthlolatO]CadmiurntlI) 

C6H6 8.4 x 106 CP/A'c-23 

12.112 Bis[2,2' -thiobis[ 0,0' -di( 4-tert-butY'phenyl)phosphorodithioJatolcobalt(lI) 

C6H6 8.7 x 108 CP/A
/c-23 

12.113 Bis[2,2' -thiobis[ 0,0' -die 4-te rt-butylphenyl)phosphorodithiolato Jlead(II) 

C6H6 1.0 x 107 CP/A'c-23 

12.114 Bis[2,2' -thiobis[ 0,0' -die 4-tert-butylphenyl)phosphorodithiolato ]nickel(lI) 

C6H6 2.2 x 109 CP/A/c-23 

S =A' = Rub; used kd = 1 X 105 s-l, kA,= 1.7 X 

108 L mol-l S-I. 

S = A' = Rub; used kd = 1 x lOs s-l, kA, = 1.7 X 

108 Lmorl s-l. 

S = A' = Rub; kd not given. 

S = A' = Rub; used kd = 1.7 X 104 s-I, kA: = 5.3 X 

107 LrnoJ-1 s-l. 

A' = Rub; 102* from DMN02; kA, and kd not 
given. 

S = A' = Rub; used kd = 1 x 105 s-l, kA, = 1.7 x 
108 L morl s-I. 

S = A' = Rub; used kd = 1 X 105 S-l, kA, = 1.7 x 
108 L mol-1 s-l. 

S = A' = Rub; used kd = 1 X 105 S-I, kA' = 1.7 x 
108 L morl S-1. 

S = A' = Rub; used kd = 2.8 X 104 S-l, kA, = 3 x 
107 L mol-l s-I. 

S = A' = Rub; used kd = 2.8 X 104 s-I, kA, = 3 X 

107 L morl s-l. 

S = A' = Rub; used kd = 2.8 X 104 s-l, kA' = 3 X 

107 L mol-1 S-I. 

S = A' = Rub; used kd = 2.8 X 104 S-1, kA, = 3 X 

107 L mol-1 s-l. 

75206 \ 

87AI0I 

79A05() 

87A107 

152063 

752063 

752063 

78F497 

78F497 

78F497 

78F497 
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TABLE. 12. Rate constants for the interaction' of singlet oxygen with metal complexes. Continued 

Solvent Comment Ref. Ie . ~ (kd/k) T Method 
fJ,;~~";,;>~,,,,: ___ ",,--____ (L_m_Ol_-l_S_-_1) ___ (m_O_1_L-.... 1_) ___ (_K_) _______________________ _ 

i! Bis[2,2'-thiobis[O,O'·di(4-tert.butylphenyJ)phosphorodithiolatojzinc(U) 

C614' , 4.4 x 106 CPJA'c-23 S = A' = Rub; used kd =2.8 x 104 s-l, kit =3 x 78F497 
10' L morl S-l • 

. Bis(2,2' -tbiobis( 4-(1,1,3,3-tetramethylbutyl)pbenolato)mckellll) 

it-C16H34 
't,3 ~'lQ8 298 MD/A'c-33 A" = Rub~ used kd = 9.0 X 104 s-l, kg::: 7 x: 101 L 727319 

mo}-l &-1 .. 

<::6HSBr 3.9x to" 273 MD/A'c-.33 A' = Rub; used kd = 1.3 X 104 s-1, kg = 4.0 X 10' 737333 
L morl s-I; Measured kA/[(kd/[A1) + kNl = 0.3 
at LA1::: 1.5 X 10-4 mol L-1, 

CJIsCH3 2.7 X 108 CP/A"c-25 S ::: A' ::: Rub; used kd ::: 1 X 105 s-l, kA~ = 1.7 x . 752063 
10& L mo)-l S-l. 

C~ 1.1 X 108 PUA"d-8 S ::: MB; Af = DPBF. 76F902 

CC14/CHCl3 5.7 x 10' C['/A'~-23 S .... A' ... RUb; used kd ... 1.4 x 103 1S-1, k,A: .... 7 x 74F64S 
(90:10) 107 LmorJ S-l; Measured kN'(kA'[A1 +kd)= 3.2 

x 104 L mol-1 at [AJ::: 5 X 10-6 mol L-l • 

CS,},I MeOH (98:2) 5xl08 fP(A"d-5 S = MB; A' = DPBF. 737334 

i-octanel MeOHl 2.0x 108 298 CRlA'c-32 A' = Rub; used kd = 5.0 X 104 s-I, kA' = 7 X 10"1 L 727319 
CsHsN (94:3:3) mor1 s-1; 102*, from (PhOhP03. 

;"Octane 9.6xlO' 298 CP/A'c-23 S= A' == Rub; used kd=4.7 x 104 s-l,kA,::: 7.3 x 747341 
10' Lmor1 S-l. 

i-octane 1.3 x 108 298 CP/A'c-23 S = A'::: Rub; used kd = 4.0x 104 s-1, kA' = 7 x 727319 
10'1 Lmol-1 8-1• 

~;. 

:J.~) 17 Bls{3,4,6-trichloro-l,2-benzenedithio}ato ]Dickelate(l), tetrabutylammoni\1l1l salt 

CH3CN/C6~ 6.5 x 109 298 CP/Ac,A'c-23 S=A'=Rub; usedkd =3.4x IO"s-l,kA'=4.2X 90F360 
(SO:20) 1 X 106 (kT) 107 L mol-1 5-1• 

6.7 x 109 (kq) 

~}:f,1.11~_ Bis(2,4,6-trimethylbenzenesulfonato)nickel(ll) 

C~Et()H 1 x 10' 
(50:50) 3 x 1()1 (kq) 

298 CP/Ac,A'c-23 S = A' = Rub; used kd = S.6x 104 s-I, kA'::: 3.3 x 9OF360 
107 Lmol-J 8-1• 

\J:.l J, D.n.J1uucad)uJJJ'Jb.i~(t.ajph~uJ'JVhu3pldnc )iddium 

CH2Cl2 2.5 x 108 PULd-2 

;·J2.120 ButyJamine[2,2'-tbiobis(3,4-dimethylphenolato)Juickel(D) 

C6HsCH3 2.5 x lOS CP/A'c-25 

'J2~11l Butylamine(2,2'-thiobis[4-(1,1,3,3-tetramethylbuty))]phenolato]cobaJt(ll) 

CP/A'C-Z:S 

. tZ.122 Butylamine[2,2' .tbiobis[4-(1 ,1,3,3-tetrametbylbutyl)]pbenolato]mckel(U) 

n-C16Hj4 1.0 x 10& 298 MD/A'c-33 

n-C16H34 8.0 x 107 298 MD/A'c-33 

BuOCHaCH2OH 2.8 x 108 273 MD/A'c-33 

C6HSBr 1.3 x 108 273 MDIA'c-33 

, C(5HSCH3 4.0xlO8 CP/A'c-Z5 

C6~ 1.1 x 108 PUA'd-8 

s = TPP. 94A126 

S::: AI::: Rub; used kd::: 1 x lOS s-l. kA'::: 1.7 x 752063 
lO8 LmorJ 8-1• 

S = A' = Rub; used kd::: I x LOS s-\ lcK::::1J x 
lOS Lmol-1 8-1 • 

A' = Rub; used kd ::: 9.0 X 104 8-1, kA' ::: 7.3 X 107 747341 
Lmol-1 8-l . 

A' = Rub; used kd = 9.0 X 104 8-1, kJ,! = 7 X 10'1 L 727319 
morls-:-t, 

A' = Rub; used kd::: 3.8x105 s-l,kA' = 7 X 107 L 727319 
marlS":"). 

A'::: Rub; used kd == 1-'3 x 104 5-1; kA' = 4.0X 107 737333 
L mOrl s-l; Measured kA/{(k.l[A 1} + KA,l =-LO 
at [A 1 = 1.5 X 10' .... 4 molL-I. A exists as a 
tetramer in solution. 

S = A' = Rub; used kd = 1x lOS s-l, kA! = 1.7 x 752063 
108 Lmor1 S-I. 

S::: MB; A' == DPBF. 76F902 

, ft,"".e t"'hll!o",", Dof n!Qt!Q Vnl !).t:J. No.2. 1995 
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TABLE 12. Rate constants for the interaction of singlet oxygen with metal complexes. - Continued 

No. Solvent T Method Comment 
(K) 

12.122 Butylamine[2,2' -tbiobis[ 4-(1,1 ,3,3-tetrametbylbutyl)]pbenolato ]nickel(ll) - Continued 

CC14' CHCl3 1.1 X 108 CP/A'c-23 S = A'= Rub; used kd = 1.4 x 103 s-l, kA'=7 x 
(90:10) 107 L morl s-l; Measured kA/(kA'[A1 + kd) = 6.1 

x 104 Lmol-1 at fA1 = 5 x 10-6 mol L-1• 

CH2C12 3.7 X 107 293 CP/Oc-22 S = Chi a; A' = Soybean oil; used kd = 1.0 x 104 

S-I. 

CHCl3 1.7 x 108 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 
107 L mol-1 s-l. 

CS21 MeOH (98:2) 2x 108 FP/A'd-5 S = MB; A' = DPBF. 

i-octane! MeOHl 2.7 x 108 298 CRlA/c-32 A' = Rub; used kd = 5.0 X 104 S-I, kA' = 7 X 107 L 
CsHsN (94:3:3) mol-1 8-1; 102* from (PhO)3P03' 

i-octane 2.0x 108 298 CP/A'c-23 S = A' = Rub; used kd = 4.7 X 104 s-l, kA' = 7.3 x 
107 L mol-1 s-l. 

i-octane 1.4 x 108 298 CP/A/c-23 S = A' = Rub; used kd = 4.0 X 104 S-I, kA' = 7.3 x 
107 Lmol-1 S-I. 

i-octane 1.8 x 108 298 CP/A'c-23 S A' Rub; used kd =4 x 104 s-I, kA, = 7 X 107 

Lmol-1 &-1. 

12.123 Carbonylchlorobis(tripbenylphospbine)iridium 

C6D6 3.9 x 108 3.5 X 10-6 PUAc,A'c- S = MB; A' = TME; used kd = 1.1 X 102 8-1; 

2 x 107 (kc) 15,27 nssumodfrA' ... 1. 

C6D6 4.3 X 108 PULd-2 S=MB. 

CDC13 2.6 x 108 PULd-2 S=MB. 

CH1Cll 2.6 x 109 PULd-2 S=TPP. 

CHC13 2 x 107 (kr) CP/Ac,A'c-17 S = MB; A' = DMA; used krA' = 2.9 X 107 L 
mol-l s-'; meas. k!kr A' = 0.67. 

12.124 Carbonylchlorobis(tripbenylphospbine)rhodium 

CDC13 3.1 x 108 PULd-2 S = MB or CfiO. 

CDC13 1 x 108 (kr) PUAc,A'c- S = MB or CfiO; A' = TME; assumed//' = 1; used 
15,27 kA = 3.1 x 108 L mol-1 s-1. 

12.125 Carbonyliodobis(tripbenylpbospbine)iridium 

CH2C12 3 x 108 PULd-2 S=TPP. 

12.126 Cobalt(II) acetate 

CH3COCH3/ H2O 4x 107 PULd-2 S=PdMP. 
(95:5) 

12.127 Cobalt(lI) chloride hexahydrate 

BuOCH2CH2OH 4.8 x 107 273 MD/A'c-33 A' = Rub; used kd = 3.8 x lOs S-I, kA, = 7 X 107 L 
mol-1 s-l. 

12.128 Cobalt(II) ion 

CH3COCH31 H10 2 x 107 PLILd-2 S=PdMP. 
(95:5) 

12.129 Copper(ll) ion 

D20 6.4 x 107 PULd·2 S=RB. 

12.130 Cyclohexylamine[2,2' -thiobis(3,4-dimetbylphenolato) ]nickel(ll) 

C6HSCH3 3.4 x 108 CP/A'c-25 S = A' = Rub; used kd = 1 x 1058-1, kA' = 1.7 x 
108 L mol-1 8-J• 

12.131 Cyclohexy lamine[2,2' -thiobis[ 4-(1,1,3,3-tetramethylbutyJ)]phenolatolnickel(lI) 

C6HSCH3 1.8 x 108 CP/A'c·25 S = A' = Rub; used kd = 1 X lOs s-l, kN = 1.7 X 

108 Lmol-l s-l. 

Ref. 

74F645 

91U026 

79A050 

737334 

727319 

747341 

74F642 

727319 

93A050 

93A050 

93A050 

94A126 

93A050 

93E539 

93E539 

94A126 

82A412 

727319 

82A412 

84N150 

752063 

752063 
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TABLE 12. Rate constants for the interaction of singlet oxygen with metal complexes. - Continued 

::~,~~=============================================== 
Solvent T Method Comment Ref. 

(K) 

~*~. ~~~----------------------------------------------~--------------------------------~-----

·,U.132 Didodecylamine[2,2'-thiobis(3,4-dimethylphenolato)]nickel(ll) 

C6HSCH3 3.2 x 108 . CP/A'c~25 S = A' = Rub; used kd = 1 X 105 s-1 ~ kA' =1.7 X 

108 Lmorl s-l. 
752063 

;in.133 1,1'-('7 ,13-Dimethyl-l,4,8,12-tetraazacyclopentadeca-4,7 ,12,15-tetraene-6,14-diyl)bis[ethanoato ]mckel(ll) 

CHCI3 1.6 x 109 CP/A'c~33 S=A'=Rub;usedkd =1.7x104 s-1,kA,=5.3x 79A050 
10' LmOr1 S-1. 

t~U-,134 Dodecylamine[2,2' -thiobis(3,4-dimethylphenolato)]mckel(ll) 

CoHsCH3 3.9 >< 108 CP/A'c-25 

'iJ2J 35 Dodecylamine[2,2' -thiobis[ 4-(1,1~~-tetramethyJbutyl)]phenolato ]mckel(ll) 

CJISCH3 2.6 x 108 CP/A'c-25 

{Ji;136 Z,2'-[1,2-Ethanediylbis(nitriJodecylidyne)]bis[4-metbyJphenolato]nickel(ll) 

C6HSCH3 4.8 X 109 CP/A'c-25 

~11.137 2,2'-[1,2-Ethanediylbis(nitriloethylidyne)]bis[phenolato]nickel(D) 

CP/A'c-25 

S:::: A' = Rub~ used kd =1 x 105 S-I, kJ: = 1.7 X 
108 Lmorl 5-1. 

752063 

S:::: A' = Rub; used kd = 1 X 105 s-l,kJ: = 1.7 x - 752063 
108 Lmor1 5-1. 

S = A' = Rub; used kd = 1 X 105 
8-1, kA' = 1.7 x 752063 

108 Lmo}-1 s-l. 

S == A' = Rub; usedkd = Ix 105 s-l, kA' :::: 1.7 x 
108 L mor1 s-l. 

752063 

\>\1.138 [[3,3]-[1.).-Ethanediylbis(nitrilomethylidyne)]bis[5-ethyl-2-tbiophenethionato]]copper(lI) 

C6HsCH3 2;9 x 108 PUl.d-2 S == TPP. 88A507 

C6HsCH3 4.3 X 105 (kt) CPfAc,A'c~17 S:::: PP; A' = DPBF; used k/' = 6.7 x 108 L mol-I 88A507 
8-1. 

PULd-2 S=TPP. 3.4 X 108 

4.0>< lOS (kt) CP/Ac,A'c-17 S = MB; A' = DPBF; used k/' = 1.1 X 109 L 
mol-1 S-I. 

;J1.139 2,2'-[l,2-Etllanediylbis(nitrilome~ylidyne)]bis[phenolato]cobaIt(fi) 

C6HSCH3 LOx 1010 CP/A'c-25 

:dl.l49 ~2,2' -[1,2-Ethanediylbis(nitrilomethylidyne»)bis[pbenolato ]nickel(Il) 

C6HsCH:; 5.3 X 109 CP/A'c-2S 

-IU41 Ethylamine[2,2'-thiobis{3,4-dimetbylpbenolato)]nickel(ll) 

C6HSCH3 4.1 x'108 CP/A'c-25 

J2.142 Ethylamine[2,2' -thiobis[ 4-(1,1,3,3-tetramethylbutyl)]phenolato ]mckel(ll) 

C6HSCH3 3,I.x 108 CP/A'c-25 

)2.143 [N,N'-Ethylenebis(S-suJfosaJicyUdeneiminato)]nickelate(II) disodium salt 

H20 1.6 x 109 CRJA'c-32 

;:12.144 Ferrocene 

C614 
CC1iCHCl3 
(90:10) 

U.14S -Hexaamminecobalt(lll) ion 

D20 1.2 x 106 -

~98 PlJA'd-8 

CP/A'c-23 

PULd-2 

S = A' = Rub; used kd = 1 X 105 s-l, kA' = 1.7 x 
lO~ L morl S-1, 

S::: A' = Rub; used kd = 1 x 105 s-1, kA,::: 1.7 x 
lOs L mol-1 S-l. 

S = A' = Rub; used kd = 1 xl05 s-l, kA' = 1.7 X 
108 LmoJ-1 S-1. 

S = A' = Rub; used kd= 1 x lOs S-I, leA' = 1.1 X 

108 L moJ-1 S-l. 

A':::AES~ used kA'=4.7x 10' Lmorl s-l~ 
1l1~. kAlkA' = 34; '02*fmm H20210Cr. 

S=An; A' = DPBF. : 

S = A' = Rub; used kd== 1.4 x 103 s-l, kA' == 7x 
107 L morl s-1; Measured kA/(kA'[A1 + kd) = 1.7 
X 103 Lmor' at fA'] = 5 x 10-6 mol L -1. 

S=RB. 

8SA507 

88A507 

752063 

752063 

752063 

152%3 

85Al77 

.'737438 

74F645 

84N150 

J. Phvs. Chem~ Ref. Data. Vol. 24, No.2, 1995 



872 WILKINSON, HELMAN, AND ROSS 

TABLE 12. Rate constants for the interaction of singlet oxygen with metal complexes. - Continued 

No. Solvent T Method 
(K) 

12.146 Hydroxybis( dimethylglyoximato )pyridinecobalt(lI) 

CHzClzl MeOH 4.5 x 107 PUA'd-5 
(90:10) 

12.147 Hydroxybis(dimethyJglyoximato)triethylaminecobaJt(lI) 

CH2Cl2' MeOH 1.5 x 108 PUA'd-5 
(90:10) 

12.148 Hydroxybis(dimethyJglyoximato)triphenylphosphinecobalt(ll) 

CH2Cl21 MeOH <5 x 106 PUA'd-5 
(90:10) 

12.149 Hydroxybis(diphenylglyoximato)pyridinecobalt(lI) 

CH2C12/ MeOH 2 x 107 PUA'd-5 
(90:10) 

12.150 Hydroxybis(diphenylgJyoximato)triphenylphosphinecobalt(ll) 

CH2C1i MeOH <5 x 106 PUA'd-5 
(90:10) 

12.151 Manganese(lI) chloride hexahydrate 

BuOCH2CH20H <1.0 x 106 273 MD/A'c-33 

12.152 Manganese(lI) chloride tetra hydrate 

i-octane ~1.0 x 106 298 CP/A'c-23 

12.153 [4-MethyJ-1,2-benzenedithiolato ](2,2' -bipyridine )nickel(lI) [Ni(bpy)(DMT)] 

DMF 7 x 109 MPlP'a-19 

12.154 14-MethyJ-l,2-benzenedithiolato ])(1 ,10-phenanthroline)nickel(ll) 

DMF 1.1 x 1010 MP/P'a-19 

Comment Ref. 

S :;:: MB; A' = DPBF. 87F65~ 

S = MB; A' = DPBF. 87F65'> 

S = MB; A' :;:: DPBF. 87F65) 

S = MB; A':;:: DPBF. 87F655 

S = MB; A':;:: DPBF. 87F6S5 

A':;:: Rub; used kd:::: 3.8 X 105 s-l, kA: = 7 X 107 L 727319 
mol-1 ~-1. 

S = A':::: Rub; used kd:::: 4.7 X 104 s-l, kA,:;:: 7.3 x 747341 
107 L mol-1 S-I. 

S :::: HP; A' :;:: TEMP-4-0H; used kd :::: 1.4 X 105 

S-l; P' == TEMPOL; esr detection. 

S == HP; A' :;:: TEMP~4~OH; used kd :::: 1.4 x lOs 
S-I; P' == TEMPOL; ~sr U~lCCliun. 

89F31l 

89F311 

12.155 [4-Methyl-l,2-benzenedithiolato](1,10-phenantbroline)platinum(ll) [Pt(pben)(DMT}] 

DMF 4.7 x 109 CP/Ac-19 S = A; Q = 91F098 
Bis(diethyldithiocarbainato)nickeI(II); used kd :;:: 

12.156 2,2' -Methy]enebis[ 0,0' -di( 4-te rt-butylphenyl)dithiopbosphate ]cobaJt(Il) 

C6H6 1.8 x 108 CP/A'c-23 

12.157 2,2' -Metbylenebis[ 0,0' -die 4-te rt-butylphenyl)dithiophosphate ]Iead(ll) 

C6H6 4.3 X 107 CP/A'c~23 

12.158 2,2' -Methylenebis[ 0,0' -di( 4-te rt-butylphenyl)dithiophospbate ]nickel(lI) 

C6H6 2.7 x 108 CP/A'c-23 

12.159 Methylthiolato(triethyl phosphino )gold(l) 

C6H6 3.7 x 107 

CICF2CCl2F 4.5 x 107 

303 CP/P' a-19 

303 CRIP'a.,.32 

12.160 2,2' -[1,8-Naphthylenebis(nitriIomethylidyne )]bis[phenoiato ]nickel(ll) 

C6HSCH3 1.2 x 1010 CP/A'c-25 

1.4 X 105 S-I. 

S == A' == Rub; used kd == 2.8 X 104 s-I, kA, = 3 X 

107 L mol-1 S-I. 

S = A':;:: Rub; used kd = 2.8 X 104 S-l, kA' = 3 X 

107 L mol-1 8-1. 

S = A' == Rub; used kd = 2.8 X 104 s-l, kA, = 3 X 

107 Lmol-1 s-l. 

S = A' :;:: Rub; kd not given. 

A' == Rub; 102* from DMN02; kd and kA, not 
given. 

S = A' == Rub; used kd == 1 X 105 S-1, kA,:;:: 1.7 X 

108 L mol- l s-l. 

79A434 

79A434 

79A434 

87AI07 

87A107 

752063 
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TABLE 12. Rate constants for the interaction of singlet oxygen with metal complexes. -:- Continued' 

I,l4l" Nickel(ll) acetate 

"CH3COCH31 H20 2 x 107 

(95:5) 

,'2 .' ·Nickel(D) dichloride 

'~C5HsN 

CH3COCH31 H20 
(95:5) 

~~"'~\, .Nickel(ll) dichloride hexahydrat~ 

PULd-2 

PULd-2 

PULd'-2 

S=PdMP. 

S=PdMP. 

S=PdMP. 

873 

82A412 

82A412' 

82A412 

BuOCH2CH20H 3.1 x 108 273 MD/A/c-33 A' = Rub; used kd = 3.8 x 105 s-l, kA' = 7 x 107 L 727319 
mol-1 s-l. 

298 CP/Ac,A/c-23 S = A' = Rub; used kd = 5.6 x 104 s;"l, kA' = 3.3x 90F360 
107 L mol-1 S-I.' , 

C6Hu', EtOH 9.2 x 107 

S;9x 107 (k) ",(50:50) " ' : .. ' . q 

.lt4 ." Nickel(l) ion 
" 

3.3 x 107 
.,.'."D2O 295 PUA'd-5 

pD=10.6 

l6$ ,'Nickeloccnc 

tert-'BuOH 2.8 x 109 295 PUA'd-5 

c-:C6H12 4.5 x 109 295 PUA'd-5 

,··C6H6 5.4 X 109 295 PUA/d-5 
, ' 

CC14 2.7 x 109 295 PUA'd-5 

',"CH3CN 6.4 x 109 295 PUA'd-5 

,CH3COCH3 4.8 X 109 295 PUA'd-5 

'.CHCl3 4.4 X 109 295 : PUA/d-5 

MeOH 6.8 X 109 295 PUA'd-5 

2~PrOH 2.9 X 109 295 PUA/d-5 

'-:.tlH66 2,2'-[1,2-Phenylenebis(nitrilomethylidyne )]bis[phenolato ]nickeJ(D) 

~6HsCH3 3.7 X 109 CP/A/c-25 

:U .. IM [N,N' -o-Phenylenebis(S-sulfosalicylideDeimiDato )]nickeJate(ll) disodium salt 
.\:$;,:}::.:-=-... 

H20 _108 CRlA/c-32 

l~~h68 Propylamiile[2,2' -thiobis[ 4-(1,1,3,3-tetramethylbutyl)]phenolato ]nickel(D) 

, C6HSCH3 3.0 X 108 CP/A'c-25 

~?(i;"-69 fN oN' -Propylenebis(S-sulfosalicylideneiminato )lnickelateOD disodium salt 

, H20 1.3 X 109 CRlA/c-32 

t:ll.'170 Tetra-O-acetylglucose-l-thiolato(triethylphosphino )gold(I) (Auranofin) 

C6~ 2 X 106 303 CP/P'a-19 

7.5 X 106 303 CR/P'a-32 

f;J1J 71 Triethanolamine[2,2' -thiobis[ 4-(I,I,3,3-tetramethyJbutyl) ]phenoJato ]nickeJ(II) 

C6HsCH3 1.1 ~ 108 CP/A'e-25 

S = 2-ACN; A' = BR2-. 

S = DMTBP; A' = DPBF. 

S = DMTBP; A' = DPBF. 

S = DMTBP; A' = DPBF. 

S = DMTBP; A' = DPBF. 

S = DMTBP; A' = DPBF. 

S = DMTBP; A' = DPBF. 

S = DMTBP; A' = DPBF. 

S = DMTBP; A' = DPBF. 

S = DMTBP;A' = DPBF. 

S = A' = Rub; used kd = 1 X 105 s-l, kA' = 1.7 X 

108 L mol-1 s-l~ 

A' = AES: used kN = 4.7 X 107 L mol-1 s-l: 
meas. kAlkA,;:; 10; 102* from H20 2/0CI-; k is 
CODen. dependent. 

S = A' = Rub; used kd = 1 X 105 S-I, kA' = 1.7 X 
108 L mol- I s-I, 

A' = AES; used kA' = 4.7 X 107 L mol-1 5-1; 
meas. kAlkA' = 28; 102* from H20 2/0CI-. 

S = A' ;:; Rub; kd not given, 

A' = Rub; 102* from DMN02;' kA' and kd not 
given. 

S = A' = Rub; used kd ;:; 1 X 105 s-l, kA, = i.7 X 

108 Lmorl S-l, 

82N021 

87E181 

87E181 

87E181 

87E181 

87E181 

87E181 

87E181 

87E181 

87E181 

752063 

85AI77 

752063 

85A177 

87AI07' 

87AI07 

752063 
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TABLE 12. Rate constants for the interaction of singlet oxygen with metal complexes. - Continued 

No. k ~ (kdlk) T Method Comment Ref. 
(Lmor1 s-l) (mol L-1) (K) 

12.172 Tris(acetylacetonato )chromate(lII) 

CC14/CHCl3 5.0 X lOS CP/A'c-23 S:::: A':::: Rub; used kd::= 1.4 X 103 s-l, kA'= 7 x 74F64~ 

(90:10) 107 L mol-1 s-l; Measured kA/(kA'[A,] + kd):::: 3.0 
X 102 Lmor-1 at [A'] = 5 x 10-6 mol L-1• 

12.173 Tris(acetylacetonato )cobalt(lII) 

CC14/CHC13 9.2 x 108 CP/A'c-23 S:::: A' = Rub; used kd:::: 1.4 x 10:5 g-l, kA'= 7 X 74F64~ 

(90:10) 107 L mol-1 s-l; Measured kAl(kA'[A'] + kd):::: 5.2 
X lOs L mol-1 at [A']:::: 5 X 10-6 mol L-1• 

CH2C12' MeOH 6.5 x 108 PUA/d-S S = MB; A' = DPBF. 87F655 
(90:10) 

12.174 Tris(acetylacetonato )iron(IIJ) 

CC1iCHCl3 8.7 x 107 CP/A'c-23 S = A' = Rub; used kd = 1.4 X 103 s-l, kA'= 7 x 74F645 
(90:10) 107 L morl s-l; Measured kAl(kA'[A'] + kd) ::= 4.9 

X 104 L morl at[A'] = 5 x 10-6 mol Ll. 

12.175 Tris(acetylacetonato )manganese(lm 

C6HsCH3 5x 108 CP/A'c-25 S =A' = Rub; used kd = 1 X lOs g-l, kA
, = 1.7 x 75206J 

108 L morl s-l. 

CH3COCH3' H2O 1.6 x 108 PULd-2 S=PdMP. 82A4t2 
(95:5) 

12.176 Tris(2,2' -bipyridine )cobalt(II) ion 

CH3COCH31 H2O <1 X 106 PULd-2 S=PdMP. 82A412 
(95:5) 

12.177 Tris(2,2' -bipyridine)ruthenium(lI) dichloride 

CC14/ MeOH (98:2) 51.0 x 109 FP/A'd~5 S = MB; AI = DPBP; no effect for [A] = 1 x 10-6 78E238 
molL-I, 

12.178 Tris(l,l O-phenanthroline )cobalt(lJ) ion 

CH3COCH3/ H2O <1 X 106 PULd-2 S=PdMP. 82A412 
(95:5) 
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TABLE 13. Rate constants for the intemction of singlet oxygen with sulfur, selenium, and telurium compounds. 

--,""}'~it======================================== 
Solvent T Method Comment Ref. 

(K) 

,::.J.1 Azepine-l-carboditbioate ion, hexahydro- (Hexamethylenedithiocarbamate) 

EtOH 1.5 x 108 CP/Oc-23 S = RB; A' = Car; used kd = 1.0 X 104 s-l, kA' = 727116 

~ii2 . Benzamide,2-(metbylseleno)-N-phenyl-

C030D 9.2 x 106 

NilJ Benzamide, 2-(methylthio)-N-phenyl-
._. 

C0300 7.8 x lOs 

~"t':4 Benzamide, N-phenyl-2-(phenylmethyl)seleno-

CD30D 5.2 x 106 

BenZamide, N-phenyl-2-(phenylmethyl)thio-

3.4 x lOs 

Benzenamine, N,N-dimethyl-4-(methylthio)-

C6H6 3.0 X 107 

MeOHlH20 
(50:50) 

~.~lJ/l· Benzene,l-bromo-4-(methylthio)-

CHC13 1.1 x 106 

~~,,' Benzene, (butylthio)-

CH3COCH3 1.6 x 106 

~c~9 ; Benzene, 1-(butylthio)-3-chloro-

,.CH3COCH3 5.3 x lOs' 

ii~i51(): 'Benzene~ l-(butylthio )-4-chloro-

CH3COCH3' 7.7 X lOS 

i~;~~fl": Bemene, l-(butylthio )-4~ftuor&-
CH3COCH3 1.3 X 106 

f~J~12 '. Benzene, l-(butyJthio)-4-methoxy~ 
,CH3COCH3 4.3 x 106 

~~J~~13 . Benzene,l-(butylthio)-4-methyl-

'CH3COCH3 2.8 x 106 

:~j\\.~14 ~enzene, l-chloro-3-(methylthio)-

CHCl3 5.5 x lOs 

~~~J~ .~. Benzene, l-chloro-4-(metbylthio)~ 

CHCl3 1.0 x 106 

308 

308 

5.0 x 109 L marl S-I; Measured kA'/(kd + kA [AD 
= 7 x 104 Lmorl at [A] = 3.3.5 x 10-4 mol L-l. 

PULd-2 S = H2 TPPs4-. 91R262 

PULd-2 S=H2TPPs+. 91R262 

PULd-2 S=HzTPPS+. 91R262 

PULd-2 S = H2 TPPs4" , 91R262 

CRlA'c-16 A' = OPBF; used kd = 5.4 X 104 s-l; 102* from 85M098 
MNP02• 

CRlA'c-16 A' = OPBF; used kd = 2.8 x lOs s-l; 102* from 85M098 
MNP02• 

CP/A/c-33 S = A' = Rub; used kd = 1.7 X 104 S-I, kA' = 5.3 x 79A085 
107 Lmorl S-I. 

PULd-2 S = RB. 91F286 
92F225 

CP/Ac,A/c-17 S = RB; A' = Limonene; used Icr A' = 1.7 x lOs L 92F225 
marls-I. 

PULd-2 

PULd-2 

PULd-2 

PULd-2 

PULd-2 . 

CP/A'c-33 

CP/A'c-33 

S=RB. 91F286 
92F225 

S = RH. 91F286 
92F225 

S = RB. 91F286 
92F225 

S = RB. 91F286 
92F225 

S = RB. 91F286 
92F225 

S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 79A085 
107 L marl s-l. 

S = A' = Rub; used kd = 1.7 X 104 S-l, kA' = 5.3 x 79A085 
107 Lmorl s-l. 

I Dh"C! I"hAIT'I DAfn!:llt!:ll Vn. "4 Nn ., 1 QQ~ 
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TABLE 13. Rate constants forthe interaction of singlet oxygen with sulfur, selenium, and telurium compounds. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(Lmor1 S-I) (mol L-1) (K) 

13.15 Benzene,l.chloro-4-(methylthio)- - Continued 

MeOH 8.3 x 105 CP/A'c-16 S = RB; A' = DPF; used kd = 1.1 x 105 s-I. 79AOXI, 

13.16 Benzene, l·chloro-4·(phenylthio)-

MeOH CP/Ac,Pa-17 S == RB; A' == (C6HshS; meas. k/k/' = 0.93. 80FIO·' 

13.17 Benzene, [(2,3-dimethyl.2.butenyl)thio]. 

CH3COCH3 2.3 X 106 PUAd-5 S=RB. 89F29X 

13.18 Benzene, [(2,3-dimethyl-2-butenyl)thio ].4-methoxy. 

CH3COCH3 7.6 x 106 PUAd-5 S=RB. 89F29X 

13.19 Benzene~ [(2,3·dimethyl-2-butenyl)lhio ]-4.methyl. 

CH3COCH3 3.1 x 106 PUAd-5 S=RB. 89F29H 

13.20 Benzene, 1-(1,1-dimethylethyl)-4-(methylthio)-

CHC13 4.7 x 106 CP/A'c-33 S = A' =: Rub; used kd = 1.7 X 104 S-I, kA' = 5.3 X 79A08') 
10' Lmol-1 S-I. 

13.21 Benzene,l·fiuuru-4-(Ult:U.yUhio)-

CHC13 1.9 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 x 104 s-I, kA' = 5.3 x 
10' L mol-1 s-I. 

79AOS) 

13.22 Benzene,l·methoxy-4-(methylthio)· 

C6H6 2 x 106 308 CRlA'c-16 A' = OPBF; used kd = 5.4 x 104 S-I; 102* from 85M09X 
MNP02· 

CHCl3 7.6 X 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 
10' L mol-I s-I. 

79A085 

MeOH 5.3 x 106 CP/A'c-16 S = RB; A' = OPF; used kd = 1.1 x 105 S-I. 79A086 

MeOHlH2O 4.6 x 10' 308 CRlA'c-16 A' = DPBP; used kd = 2.8 x 105 s-I; 102* from 85M09X 
(50:50) MNP02• 

13.23 Benzene,l·methoxy-4·(phenylthio). 

MeOH CPI Ac,Pa-17 S = RB; A' = (C6HshS; meas. kller A' = 2.5. 80Fl04 

13.24 Benzene,l·methyl·3-(methylthio)· 

CHC13 3.1 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 S-I, kA, = 5.3 x 79A085 
10' L mol-l a-I. 

13.25 Benzene, l·methyl-4·(metbylthio)· 

C6~ 1.5 x 106 308 CRlA'c-16 A' = OPBF; used kd = S.4 X 104 s-l; 102* from 85M098 
MNP02' 

CHC13 4.6 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-1, kA' = 5.3 x 79A085 
10' Lmor1 8-1. 

MeOH 3.1 x 106 CP/A'c-16 S = RB; A' = DPF; used kd = 1.1 x 105 s-l. 79A086 

MeOHlH2O 3.2 x 10' 308 CRlA'c-16 A' = DPBF; used kd = 2.8 X 105 S-I; 102* from 85M098 
(50:50) MNP02· 

13.26 Benzene, l.methyl-4.(phenylthio). 

MeOH CPI Ac,Pa-17 S = RB; A' = (C6HshS; meas. k/k/' = 1:9. 80FI04 

13.27 Benzene, methylseleno-

CC14 1.4 x 108 296 CRlLl-12 used kd = 1.7 x 103 s-l; 102* from OMN02. 90F069 

13.28 Benzene, methyltelluro· 

CC14 3.8 x 109 296 CRlLI-l 2 used kd = 1.7 X 103 S-I; 102* from DMN02. 90F069 
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TABLE 13. Rate constants for the interaction of singlet oxygen with sulfur, selenium, and telurium compounds. - Continued 

,~~-'-========================================================================================= 
~ffl;, Solvent T Method Comment Ref. 

(K) 
A'~-, ...:--....:....-------------------------------------------
--~).19 Benzene, (methylthio)-

MeOH 

MeOHlH20 
(50:50) 

2.0 X 106 

2.3 x 10' 

-~J:\.JO Benzene, [(metbyltbio )methyl]-

CHCll 1.2 x 107 

;;lJ.31 Benzene,l-nitro-4-(phenyltbio)

. MeOH 

~;)332 Benzene, [(phenylmetbyl)seleno]-

~\j:U3" Benzene, [(pbenylmethyl)tbio]-

CHCl3 8.5 x 105 

,~.j~ 'Benzene; 1,1' -tbiobis-

" MeOH -1.0 X 105 

1335 Benzenemetbanesulfenamide, N,N-dietbyl-

C6~ 2.0 x 106 

13.36 1,2-Benzisoselenazol-3-one,7-chloro-2-phenyl-

CD30D 3.0 x lOs 

1.137 1.2-Benzisoselenazol-3-one, 7-fluoro-2-pbtmYI-

CD30D 4.5 x lOs 

13.38 1,2-Benzisoselenazol-3-one,7-methoxy-2-pbenyl-

CD30D, 1.3 x 106 

013.39 1~Benzisoselenazol-3-one, 7~nitro-2·phenyl. 

co30n , 1.1 x lOs, 

13AO 1;2-Benzisoselenazol-3-one,2-pbenyl 

CDlOn 2.5 x 106 

13.41 1;2-Benzisotbiazol-3-one, 2-pbenyl-

C03<?D 2.3 x lOs 

13.42 Benzyl mercaptan 

MeOH 0.73 

13.43 . Bicyc"~[2i.l]heptaDe-2-tbione 
CHCll 1.8 x 105 

308 

296 

308 

253 

253 

CRlA'c-16 A' = DPBF; used kd =5.4 x 104 8-1; 102* from 85M098 

MNP02· 

CRILI-12 used kd = 1.7 X 103 8-1; 102* fromDMN02. 90F069 

CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104
8-'1, kA' = 5.3 x 79A085 

lO'Lmol-1 8-1• 

CP/A'c-16 S = RB; A' = DPF; used kd == 1.1 X 105 S-I. 79A086 

CRlA'c-16 A' = DPBF; used kd = 2:8 x 105 s-l; 102* from 85M098 
MNP02· 

CP/A'c-33 S = A' =Rub; used kd = 1.7 X 104 S-I, kA' = 5.3 x 79A085 
107 Lmol-l &-1. 

CPI Ac,Pa-17 S =RB;A'= (C6H5hS; meas.k/k/'! =0.30. 80FI04 

CP/A'c-33 S "",.A' "'" Rub; used k\l "'" 1.7 x 104 g-I, kA'''''' 5.3x g2N064 
107 L mol'"'l &-1.' ' ,. " 

CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 &-1, kA, = 5.3 x 82N064 
10' L mol-Is-I. ~', ' 

CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 S-I, kA' = 5.3 x 79A085 
10' L morl S-I. 

CP/A'c-16 S = RB; A' = DPF; used kd = 1.1 x lOs S-I; 79A086 
Theoretical intercept of 1.0 used in calculation. 

PULd-2 S=TPP. 94F024 

PULd-2 S = H2 TPpg4-, 91R262 

PULd-2 S = H2 TPpg4-, ,91R262 

PULd-2 S = H2TPPS4,. 91R262 

PULd-2 S = H2 TPpg4-. 91R262 

PULd-2 S = H2TPPg4-. 91R262 

PULd-2 S = H2TPPg4-. 91R262 

CP/A'c-16 ' S = MB; A' = DPBF; used kd = 9.0 X 104 s-I, 72F519 

CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 &-1, kA' = 5.3 x 82A059 
107 L mol-1 S-I, 83F028 

J. Phvs. Chem •. Ref. Data, Vol. 24, No; 2,.1995 
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TABLE 13. Rate constants for the interaction of singlet oxygen with sulfur, selenium, and telurium compounds. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(L mo1-1 8-1) (mol L-1) (K) 

13.44 Bicyclo[2.2.1]heptane-2-thioneJ 3~-dimethyl-

CHC13 1 x 105 CP/A/c-33 S = A' = Rub; used kd = 1.7 X 104 S-I, kA, = 5.3 X 82A()')i 
107 Lmol- l S-l. 83F02:-i 

13.45 Bicyc1o[2.2.1]heptane.2-thione, 1~,3,7,7 -pentamethyl. 

CHC13 5.8 x 104 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA, = 5.3 X 82AO."l'! 
107 L mol-l s-l. 83F02r. 

13.46 Bicyclo[2.2.1]heptane-2-thione, l,3,3-trimethyl· (Thiofenchone) 

CHC13 5.1 x 105 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 X 82AO,) \ 
107 L marl s-l. 83F02.I{ 

13.47 Bicyclo[2.2.1)heptane.2-thione, 1,7,7.trimethyl· (Thiocamphor) 

CHC13 8.1 x 104 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA, = 5.3 X 82A09.\ 
107 Lmorl s-1. 83F02X 

13.48 Bicyclo[3.1.1 ]hept-3-ene-2.thione, 4,6,6-trimethyl. 

CHef3 5.6 x 105 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 8-1, kA' = 5.3 x 
107 L mol-1 s-l. 

85F151 

13.49 2,3·Butanediol, 1,4.dimercapto-, erythro- (Dithioerythritol) 

CHC13/EtOH 7.4 x 108 310 CRlLI,Ac- used kd = 1 X 105 s-l; 102* from NDP02, 90E622 
(50:50) 2.9 x 106 (kr) 12,14 

13.50 2,3-Butanediol, 1,4-dimercapto-, threo- (Ditbiotbreitol) 

CHC13/EtOH 9.8 x 108 310 CRlLI,Ac- used kd = 1 X 105 s-l; 102* from NDP02. 90E622 
(50:50) 2.8 x 106 (kr) 12,14 

D20 1.5 x 106 (kr) 310 CRlAc-17 A' = CysSH; used k/' = 8.3 X 106 L morl 5-1; 91R055 
pD=7.4 1 O2*. from NDP02. 

D20 1.9 X 106 310 CRlLl-12 used kd'::: 1.9 X lO4 s-l; 10?* fromNDPO,. 91R055 
pD =7.4 

13.51 I·Butanethiol 

MeOH ~.~ )( 104 1.7 CP/A'c-l/1 S:;: MB: A':;: DPBF: used kd =9.0x 104 s-l. 72F519 

13.52 I·Butanol, 4-( 4-methylpbenyl)thio-

CH3COCH3 4.1 X 104 (kr) CP/Ac-17 S = RB; A'.::: Limonene; used k/' = 1.7 x 105 L 91F286 
marl s-1; meas. kikr = 64.9. 92F225 

CH3COCH3 2.7 x 106 PULd-2 S=RB. 91F286 
92F225 

13.53 2-Butene, [(Z-methyl-3-(phenylsulfinyl)]-

C6H6 11 (Pr) CP/Ac-17 S :;: TPP; A':;: Linalool; used ~/' = 0.18 mol L -1. 89F400 

13.54 2-Butene,2-(phenylsulfinyl)- (E) 

C6H6 26 (Pr) CP/Ac-17 S = TPP; A':;: Linalool; used p/' = 0.18 mol L-1
• 89F400 

13.55 2-Butene, 2.(phenylsulfinyl)- (Z) 

C(jH(j '> 1 X 102 (Br) CP/Ac-17 S = TPP: A' = Linalool: used BrA' = 0.18 mol L -1. 89F400 

13.56 tert-Butyl ethyl sulfide 

CHC13 6.4 x 106 CP/A/c-33 S = A'::; Rub; used kd = 1.7 X 104 s-I, kA , == 5.3 x 
107 L mol-1 s-1, 

79A085 

13.57 Butyl methyl sulfide 

CHCl3 2.9 x 107 CP/A/c-33 S = A' .::: Rub; used kd = 1.7 X 104 s-l. kA' = 5.3 x 79A085 
107 L marl S-I. 
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TABLE 13. Rate constants for the interaction of singlet oxygen with sulfur, selenium, and telurium compounds. - Cdntinued 

:';~;:;============================================= 
W)~t)i Solvent T Method Comment Ref. 

(K) 
.• (.,,<;;""" ••• _--------------------------------------------
::~.~~ 

~;~).$8 tert-Butyl propyl sulfide 

CHC13 7.2 x 106 CP/A'c-33 S = A' = Rub; used ~ = 1.7 X 104 s-I, kA, = 5.3 x 79A085 
107 Lmor1 s-l. 

,U.5? . sec-Butyl propyl sulfide 

CHCl3 1.1 x 107 CP/A'c-33 S = A' = Rub; used kd = 1.7 x 104 s-l, kA,=5.3 x· 
107 Lmor1 s-l. 

79A085 

:J'.60 1,3-Cyclobutaneditbione,2,2,4,4-tetramethyl-

CHCl3 2.2 x 105 CP/A'c-33 S = A' = Rub; used kd = 1.7 x 104 s-l, kA' = 5.3 x 
107 L mor1 S-I. 

82A093 

";.)3.61 Cydobutanetbione,2,2,4,4-tetrametbyl-

CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 82A093 
107 Lmol-1 S-I. . 

CHCl3 3'.1 x lOs 

&3.62 Cyclobutanone, 2,2,4,4-tetrametbyl-3-thioxo-

CHCl3 8.5 x 104 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 
107 L mo)-1 S-I. ' 

82A093 

1.\.63 Cyclobexanamine, N,N' -[ ditbiobis[(5-etbyl-2,3-tbiopbenediyl)metbylidyne]]bis-

C~SCH3 2.9 x 108 PULd-2 S=TPP. 88A507 

C6HsCH3 3.2 x 108 (kr) CPI Ac,A' c-17 S = PP; A' = DPBF; used kr A' = 6.7 X 108 L morI 88A507 
-1 s . 

CH3CN 1.1 X 108 (kr) CP/Ac,A' c-17 S = MB; A' = DPBF; used kr A' = 1.1 X 109 L 88A507 
morl s-l. 

CH3CN 3.7 x 108 PULd-2 S=TPP. 88A507 

CHC13 5.6 x 107 PULd-2 S=TPP. 88A507 

,13.64, Cyclob~anamine, N.[[(5.metbyl-2~(methyltbio).3-tbienyl]metbylene]-

C6H,CH3 2.5 x lOs PULd-2 S=TPP. 88A507 

CH3CN 2.0 x 105 <tr) CPI Ac,A' c-17 S = MB; A' = DPBF; used trA' = 1.1 x 109 L 88A507 
morl S-I. 

CH3CN 2.2 x 106 PULd-2 S=TPP. 88A507 

CHCl3 6.0 x lOS PULd-2 S=TPP. 88A507 

2~PrOH 3.4x lOS PULd-2 S=TPP. 88A507 

l3.65 2-Cyclobexene-l-thione, 3,5,5-trimetbyl-

CHC13 6.1 x 105 CP/A'c·33 S = A' = Rub; used ~ = 1.7 X 104 s:"'1 , kA' = S.3x 85F151 
107 Lmorl s-l. 

l3.66 2-Cyc1opentene-l-thione, 3-( 4-metboxypbenyl)-

CHC13 2.3 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-I, kA, = 5.3 x 85F151 
t07 L mol-1 ~-J, 

13.67' Cysteine 

CHeI3/EtOH 2.4 x 108 310 CRlLI,Ac- used kd = 1 x lOs S-1; 102* from NDPOZ' 90E622 
(50:50) 7 x 107 (kr) 12,14 

D20 8.3 x 106 310 CRlLI-12 used kd = 1.9 X 104 s-l; 102* from NDP02. 91R055 
pD=7.4 

D20 S4 x 104 PULd·2 S =H2TPPs4"- or H2TMpyp4+: caled. fromk~ ... = 88Al64 
8.9 x 106 at pH 7 and pKa(D20) = 8.6. .' 

D20 1 x lOs PULd-2 S = RF, water-sol. TPP derivs .• or Chi a in 86Fl49 
micelles contg. Triton x-roo. 

D201 EtOH (75:25) 5 x 107 295 PULd-2 S=RB. 94Al13 

EtOH 8 x 106 CPIPa-15 S = Ret; used kd = 3.5 x lOS s-l; CysS' obs. by 85A443 
est. 
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TABLE 13. Rate constants for the interaction of singlet oxygen with sulfur, selenium, and telurium compounds. - Continued 

No. Solvent k ~ (kd/k) T Method Comment Ref. 
(L mol-1 s-l) (mol L-1) (K) 

13.68 Cysteine, negative ion 

D20 1.5 x 108 PULd-2 S = H2 TPPs+- or H2 TMpyp4+; ealed. from kobs = 
8.9 x 106 at pH 7 and pKa = 8.6. 

88AIM 

13.69 L.Cysteine, N-acetyl-

0 20 6 x lOs (kr) 310 CRlAc-17 A' = CysSH; used k/' = 8.3 X 106 L mol-l s-l; 91ROS'i 
pO= 7.4 102* from NDP02. 

°20 6 X lOs 310 CRlLl-12 used kd = 1.9 X 104 g-l; 102* from NDP02• 91ROY'i 
pD = 7.4 

D20 ~x104 PULd-2 S = H2 TPPs4- or H2 TMpyp4+; ealcd. from kobs = 88Al64 
2.5 x 106 at pH 7 and pKa(D20) = 10.0. 

13.70 L.Cysteine, N-acetyl-, negative ion 

0 20 2.1 x 108 PULd-2 S = H2 TPPs4- or H2 TMpyp4+; ealcd. from kobs = 
2.5 x 10° at pH 7 and pKa = 8.6. 

88Al64 

13.71 Dibenzyl sulfide 

CHCh 6.4 x 106 253 CP/A'e-33 S = A' = Rub; used kd = 1.7 X 104 8-1• kA, = 5.3 x 82N064 
107 Lmol-l S-I. 

MeOH 5.5 x 10-3 293 CP/Oc-15 S = FlC14
2.; Ea = 1.7 kJ mol-I. 68F288 

MeOH 9.0 x 10-3 293 CP/Oc-15 S = MB; Ea = 7.1 kJ morl. 68F288 

MeOH 0.012 293 CP/Oe-15 S = RB; Ea = 3.8 kJ mol-I. 68F288 

MeOH 6.7 x 10-3 293 CP/Oc-15 S = FlBr4Cll-; Ea = 5.4 kJ mol-I. 68F288 

MeOH 8.0x 10-3 293 CP/Oc-15 S = DNT; Ea = 6.7 kJ mol-I. 68F288 

13.72 Dibutyl sulfide 

CHCl3 2.3 x 107 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 8-1, kg = 5.3 x 79A085 
107 Lmo}-l S-I. 

EtOH 298 S = Chrysene, 2-bromochrysene, MB; meas. kqlkr 74F648 
=-0.7. 

MeOH 2.5 x 107 7.2 X 10-3 CP/A'c-16 S = RB; A' = DPBF; used kd = 1.8 X lOs 8-1. 85F480 

MeOH 8.2 x 106 0.011 CP/A'c-16 S = MB; A' = DPBF; used kd ::: 9.0 X 104 8-1• 72F519 

13.73 Di-sec-butyl sulfide 

CHCl3 1.8 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 g-l, kg = 5.3 x 79A085 
107 L mol-l 8-1• 

13.74 Di-tert-butyl sulfide 

CHC13 1 x lOs CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 g-l, kg = 5.3 x 
107 L mol-1 S-I. 

79A085 

MeOH -1.5 x 105 CP/A'c-16 S = RB; A' = DPF; used kd = 1.1 x lOs S-I; 79A086 
Theoretical intercept of 1.0 used in calculation. 

13.75 Diethyl disulfide 

MeOH 1.6 x 107 . 5.5 X 10-3 CP/A/c-16 S::: MB; A' = DPBF; used kd = 9.0 X 104 s-l . 72F519 

13.76 Dlethyl sulfide 

(C2HshO 5 x 106 6.0x 10-3 296 CP/A/e-16 S ::: ZnTPP; A' ::: DPF; used kd = 3 X 104 8-1
. 82F357 

4.1 x 10-3 195 

C(jH,CH.3 1.-'1 x 107 2.9 x 10-3 296 CP/A'c-16 S...,. ZnTPP; A' .... DPF; used k{j = 4.0 x 104 8-1. 82F3'i7 

C6H6 2.0 x 107 CP/A'e-16 S ::: ZnTPP; A' = DPF; used kd = 4 X 104 s-l. 79A086 

C(#6 7.6x 106 CPlPa-20 S = ZnTPP; A' = Car; u8ed kd =4.0 x 104 S-l, kg 71F580 
::: 1.3 x 1010 L morl 8-1; Measured kA,f(k" + 
klAn = 1.7 x 104 L mol-1 at [A] = 0.1 mol L-1

; k 
caled. in [81Z251]. 

C6H6 CP/Ac-20 S ::: ZnTPP; A' ::: DPA; meas. kAlkA' = 6.0. 71F580 
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TABLE 13. Rate constants for the interaction of singlet oxygen with sulfur, selenium, and telurium compounds~ - Continued 

~j; Solvent k ~(kik) T Method ColIlIlltnt Ref. 
(L mol-l S-I) (mol L-l ) (K) 

~:\~.~.-~ 

:~it16 Diethylsulfide - Continued 

'C6~ 0.032 CPIPa-15 S=ZnTPP. 71F580 

CJlJMeOH 6 x 106 ' 298 CPlP'a-20 S = MB: A' = 2M2P: used kd = 1.0 X 105 s-l. ~A' 70Y734 
(80:20) 3 x 105 (kr) = 0.04 mol L -1; P = Diethyl sulfoxide. 

CH3CN 2.1 x 107 PULd-2 S=Ac. 89A099 

,CH3COCH3 2.7 x 107 8.9 X 10-4 296 CP/A'c-16 S = RB; A' = OPF; used ~d = 2.4 X 104 S~l. 82F357 
9.7 x 10-4 195 

QCF2CCl2F 3.2 xlO6 PULd-2 S=DNT. 87A072 

H2O 2 x 107 (kr) 2n MP/Ac,A' c-17 S = RB; A' = FFA; used kr A' = 1.2 X 108 L mol-1 87A180 
pH=7.0 -1 s . 

MeOH 2.1 x 107 8.7 X 10-3 CP/A'c-16 S = RB; A' = DPBF; used kd = 1.8 X 105 8-1. 85F480 

MeOH 1.7 x 107 6.6 X 10-3 296 CP/A'c-16 S = RB; A' = DPF; used kd = 1.1 X 105 S-I. 82F357 
0.011 195 

MeOH 1.7 x 107 CP/A'c-16 S = MB; A' = DPF; used kd = 1.1 x lOS 8-1,. 79A086 

MeOH 0.02 CPIPa-15 S=ZnTPP. 71F580 

:~~I,)~77 
.. 

Diisobutyl sulfi.de 

MeOH 2.9 x 107 6.1 X 10-3 CP/A'c-16 S = RB; A' = DPBP; used kd = 1.8 x lOs S-1. 85F480 

~\:J3~78 ' Dilsopropyl sulfide 

CHet3 2.2x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 8-1, kA' = 5.3 x 
107 Lmorl s-l. 

79A085 

MeOH 2.5 x 106 CP/A'c-16 S = RB; A' = DPF; used kd = 1.1 X 105 s-l. 79A086 

U.79 Dimethyldithiocarbamate ion 

H2O -8 x 107 298 CP/Oc-19 S = Pheno8afranine; Q = NaN3; used ~ = 2.0x 78A360 
pH=!.l ro8 L mOrl s-I. . 

'13.80 pimetbyl sulfide 

C6HHMeOH 293 MPIPa-17 S = TPP; rate is 19 times faster than in benzene. 8lF311 
(50:50) 

MeOH 5.8 x 107 3.1 X 10-3 CP/A'c-16 S = RB; A' = DPBF; used kd = 1.8 X 105 s-I, 85F480 

'13.81 '. Dimethyl sulfoxide 

Cti~McOH 293 MPII'a-17 S - TPP; A' - C1l3SCH3; meMo klkr A' - 4.2 x 81F311 
(50:50) 1O-a. 

C~ 293 MPIPa-17 S = TPP; A' = CH3SCH3; rneas.k,lk/' = 0.021'. . SIF311 

13.82 . Dipropyl suUide 

MeOH 3.1 x l(F 5.8 x 10-3 CP/A'c-16 S = RB; A' = DPBF; used kd = 1.8 X lOSs-I. 85F480 

13.83 Diselenide, diphenyJ-

CC14 1.2 x 106 296 CRlLI~12 used kd = 1.7 x 103 S-I; 102* from DMN02• 90F069 

13.84 Disulfide, diphenyl-

eel ... 3.0}(: lOS 296 CRlLI-12 usedkiJ := 1.7 )(: 103 s-I: 10z* from DMNOz- 90F069 

13.85 Ditelluride, diphenyl-

CC14 1.1 x 108 296 CRlLI-12 used kd = 1.7 X 103 8-1; 102* from DMN02• 90F069 

13.86 l,s-Dithiacyclooctane 

C6HsCH3 '1.7 x 107 298 PULd~2 S=TPP. .. 92FI04 

CH3COCH3 , 3.7x 107 <k.-) 29~, CPIPa~17 S =RB; A' = TME; used kr A' = 2.7 X 107 L mori 92FI04 
-1 . ".' 

s . 

CH3COCH3 5.3 X 107 298 PULd-2 S=RB. 92F104 
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TABLE 13. Rate constants for the interaction of singlet oxygen with sulfur, selenium, and telurium compounds. Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(L mol-I s-I) (mol L-1) (K) 

13.86 1,5-Dithiacyclooctane - Continued 

CHCl3 8.2 x 106 (kr) CPIPa-17 S = TPP; AI = TME; used kr A' = 2.7 X 107 L 
mol- l s-I. 

92F103 

CHCl3 1.2 X 107 PULd-2 S=TPP. 92F103 

2-PrOH 2.4 x 107 298 PULd-2 S=RB. 92F104 

13.87 1,5-Ditbiacyclooctane I-oxide 

CH3COCH3 2.4 x 105 (kr) 298 CP/Pa-17 S = RB; A' = DMHD; used krA' = 7.4 x lOs L 
mor l s-I. 

92F104 

CH3COCH3 3.3 x 106 298 PULd-2 S=RB. 92F104 

CHC13 8.7 x 104 (kr) CP/Pa-17 S = TPP; A' = 2M2P; used kt = 7.6 X 105 L 92F103 
mol-1 S-I. 

CHCl3 2.1 x 105 PULd-2 S=TPP. 92F103 

13.88 1,4-Dithiane 

C6H,5CH3 2.0 x 106 298 PULd-2 S=TPP. 92F104 

CH3CN -0.050 CP/Pa-15 S = RB; Slope estimated as tangent to curve. 71F580 

CH3CN 0.017 CP/Pa-15 S = RB; Solvent contains 0.52% H20 by 71F580 
molarity. 

CH3CN 9.8 x 10-3 CP/Pa-15 S = RB; Solvent contains 0.05% H20 by 71F580 
mOlarity. 

CH3CN/H2O 6.7 x 10-3 CP/Pa-15 S=RB. 7lF580 
(95:5) 

CH;sCN/H2O 0.017 CP/Po.~lS S=RB. 71FSSO 

(61:39) 

CH3COCH3 4.8 x 106 298 PULd-2 S=RB. 92FI04 

CH3COCH3 2.4 x 105 (kr) 293 CPIPa-17 S = RB; A' = DMHD; used krA' = 7.4 X 105 L 91F170 
mol-I s-I; Mit. = -26 kJ mol-I; L\S; = -226 J 
K-1 mol-I; studied at 202-293 K; P = sulfoxide + 
sulfone. 

2-PrOH 2.1 x 106 298 PLILd-2 S=RB. 92FI04 

13.89 1,3-Ditbiane-2-thione, 4,5-diphenyl-

C6H~MeOH 1.4 x 10-3 293 CP/Oc-15 S=MB. 77F794 
(83:17) 

13.90 1,2-Dithiolane-3-pentanoic acid (Lipoic acid) 

C6H6 1.0 x 108 3.5 X 10-4 298 CP/A/c-23 S = A' = Rub; used kd = 4.2 X 104 s-l. 74F641 

CHC13/EtOH 1.3 x 108 310 CRlLI-12 used kd:::: 1 X 105 S-I; 102* from NDPOz. 90E622 

(50:50) 

13.91 Ethanesulfonate ion, 2,2'-dithiobis- (Dimesna) 

CHC13/EtOH 6x 106 310 CRlLI~12 used kd :: 1 x lOs s-I; 102* from NDP02. 90E622 

(50:50) 

13.92 Ethanesultonate ion, 2-mercaptoo , (Mesna) 

CHC13/EtOH 2.4 x 107 310 CRlLI,Ac~ used kd = 1 x lOs S-I; 102* from NDP02• 90E622 

(50:50) 2.8 x 106 (kr) 12,14 

D20 2.7 x 106 310 CRlLI~12 used kd = 1.9 X 104 
S-I; 102* from NDPOz. 91R055 

pV=7.4 

1.3.93 Ethanethiol, 2-amino- (Cysteamine) 

CHCl3/EtOH 4.1 x 107 310 CRlLI,Ac- used kd :: 1 X 105 s-I; 102'" from NDP02 * 90E622 
(50:50) 1.1 x 107 (kr) 12,14 

H2O 8.3 x 106 PULd-2 S:: H2TPP,s4-. 9IR020 
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TABLE 13. Rate constants for the interaction of singlet oxygen with sulfur. selenium,and telurium compounds. - Continued 

-:.~~. 

:No. Solvent k ~ (kelk) T Method Comment Ref. 
(L mol-1 S-I) (mol L-1) (K) 

13.94 Etbanetbiol, 2-[ (3-aminopropyl)amino]-

CHCly'EtOH 5.3 x 107 310 CRlLI,Ac- used kd = 1 X 105 s-1; 102* from NDP02. 90E622 
(50:50) 7.0 x 106 (kr) 12,14 

H2O 7.4 x 106 PULd-2 S = Hz TPPs"-. 91R020 

'J3~95 ,Etbanethiol, 2-hydroxy-, 

OzO S4x Hr PULd-2 S = HzTPPs4- or HzTMpyp4+; calcd. fromkobs = 88Al64 
3.0 x 105 at pH 7 and pKa(DZO) = 9.9. 

J3.96 Etbanethiol, 2-bydroxy-, negative ion 

°iO 3.0x 108 PULd-2 S = Hz TPPs4- or Hz TMpyp4+; calcd. from kobs = 88AI64 
3.0 x 105 at pH 7. 

13.97 , Ethanol,2-(4-methylphenyl)thio-

CH3COCH3 4.2 x 104 (kr) CP/Ac-17 S = RB; A' = Limonene; used krA
' = 1.7 x 105L 91F286 

morl 
8-

1
; meas. kiler = 34.8. 92F225 

CH3COCH3 1.5 x 106 PULd-2 S=RB. 91F286 
92F225 

13.98 Fluorene, 9-(phenylsulfonylh anion 

tert-BuOH 4.6 X 10-4 303 CP/Pa-15 S = RB; P = 9-Ruorenone. 707250 

Itm-BuOH 3.8 x 10-4 303 CPIPa-lS S = A; P = 9-F1 uorenone. 707250 

13.99 Glutathione 

CHCI3/EtOH 5.9 x 107 310 CRlLI.Ac- used kd = 1 X 105 s-l; 102* from NDPOz. 90E622 
(50:50) 1.7 x 106 (kr) 12,14 

0 10 2.4 x 106 310 CRlLI-12 used kd = 1.9 X 104 s-l; 101* from NDPOz. 91R055 
pD=7.4 

D10 8.7 X 105 PULd-2 S=MB+. . 91R251 

020 S4x 104 PULd-2 S = H2 TPpg4- or H2 TMpyp4+; calcd. from kobs = 88Al64 
2.9 x 106 at pH 7 and pKa(D20) = 9.2. 

13~100 Glutathione, negative ion 

0 20 1.9 x lOIS PULd-2 S = H2 TPpg4- or H2 TMpyp4+; caicd. from kobs = 88Al64 
2.9 x 106 at pH 7 and pKa. 

13.101 Glycine, N .. (2-mercapto .. l .. oxopropyl)" 

DzO 4.1 X 106 310 CRlLl-12 used kd = 1.9 X 104 S-1; 102* from NDP02. 91R055 
pD=7.4 

OzO S4xHt PULd-2 S = H2 TPPs4- or H2 TMpyp4+; calcd. from kobs = 88Al64 
2.7 x 106 at pH 7 and pKa(D20) ::; 10.4. . 

13.102 Glycine, N-(2-mercapto·l-oxopropylh negative ioL. 

0 20 1.8 X 108 PULd-2 S = H2 TPPg4- or H2 TMpyP#; caJed. from kobs = 88Al64 
2.7 x 106 at pH '7 and pKa• 

13.103 l .. Hexanol, 6-(4-methylphenyl)thio-

CH3COCH3 6.1 xl 03 (kr) CP/Ac-17 S = RB; A' = Cl-Pinene; used ke A' = 4.3 X 104 L 91F286 
morl S-1; meas. kJke = 359. 92F225 

CH3COCH3 2.2 x 106 PULd-2 S=RB. 91F286 
92F225 

13.104 Imidazole-4.ethanaminium, cx-carboxy-2,3-dihydrooN,N,N.trimethyl-2-thioxo-, S, (Ergothioneine) 

D20 2x 107 PULd-2 S= Carboxyanthracene. 92B225 
pD=7 

D20 3.1 x 10' 310 CRlLI-12 used led = 1.9 X w'" S-I; 1U2'" tram NDP02' 9IKU,' 
pO =7.4 

.LPhvs. Chern. Ref. Data. Vol. 24. No.2t 1995 
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TABLE 13. Rate constants for the interaction of singlet oxygen with sulfur, selenium, and telurium compounds. - Continued 

No. Solvent k ~ (kd/k) T Method Comment Ref. 
(Lmor1 s-l) (mol L-1) (K) 

13.104 Imidazole-4-ethanaminium, a·carboxy-2,3.dihydro-N~~.trimethyl.2.thioxo-, S, (Ergothioneine) - Continued 

OzO 2.3 x 107 PULd-2 S = Hz TPPs4- or Hz TMpyp4+; observed value; 88Al64 
pH=? pKa(020) = 8.4. 

HzO 283 CP/A'c-17 S:: RB; A':: BHMF; meas. k/k/:: 1.1; 88R064 
pH =7.0 sensitizer immobilized on glass beads. 

HzO 283 CP/A'c-17 S = RB; N = BHMF; meas. k!~A' = 0.20. 88R064 
pH =7.0 

13.105 Imidazole-4-ethanaminium, a-carboxy-2,3-dihydro-N~~-trimethyl-2-thioxo-, ion 

OzO 5.0 X 108 PULd-2 S = H2 TPPs4- or H2 TMpyp4+; caJcd. from kobs = 88Al64 
2.3 x 107 at pH 7 and pKa(020) = 8.4. 

13.106 Imidazole-4-propionic acid, a-amino-2,3-dihydro-2-thioxo-, (S) 

H2O 283 CP/A'c-17 S = RB; A' = BHMF; meas. k/k/ = 1.1; 88R064 
pH--7.0 ,scnsitizer immobilized on gla.ss beads. 

HZO 283 CP/A'c-17 S = RB; A' = BHMF; meas. k/k/ = 0.26. 88R064 
pH=7.0 

13.107 L-Leuclne, L-methlonyl-

0 201 EtOH (75:25) 2.1 x 107 295 PULd-2 S=RB. 94Al13 

13.108 Methionine 

CH3CN/H2O 3 x 106 (kr) CPI Ac,A' c-17 S = RB; A' = OMA; k/' not given. 93R059 
(50:50) 

CH3CN/H2O 9 x 106 PULd-2 S =RB orEos. 93R059 
(50:50) 

0 20 1.3 x 107 310 CRlLI-12 used kd 1.9 x 104 S-1; 102* from NDPOz. 91 R055 
pO=7.4 

DzO .41 x 108 ~tO ('R/A'c.-~? Ai = OPRF; lI~erl Kd = 1_:<; x 104 !I:-1: 10z* from R9M03g 

pO:: 11.2 DopaminelH20 2· 

DzO 2.1 x 108 310 CRlA'c-32 Ai =: OPBF; used kd = 1.5 x 104 S-I; 102* from 89M038 
pD= 11.2 DOPAlHzOz· 

0 20 1.5 x 107 PUA'd-5 S MB; A' = AOPA. 81N048 
pO= 7.4 

0 20 1.6 x 107 (kr) 293 CUAd-35 used kd = 2.9 x 104 s-l; high pressure O2 (0.195 79A112 

pO = 8.4 mol L - I); statistical error of 30% and systematic 
error of the same order. 

0 20 1.6 x 107 CP/A'c-I6 S = RB; A' = OPF; kd not given; plots are 777433 
pD= 11 nonlinear. used slope as [A] .... O. 

D20 3.3 X 107 CP/A'c-16 S = RB; A' = OPF; kd not given; plots are 777433 

pO=7 nonlinear, used slope as [A] .... O. 

D20 1.7 X 107 295 CUA'c-22 A' = BRH2; used kd = 2.9 X 104 8-1; high pressure 757147 
pD- 8.1 Oz; recalc. [79A112]. 

D2O(mic) 1.8 x 107 PUA'd-5 S = 2-ACN; A' = OPBF; 0.1 mol L -1 SOS. 81N048 

pD = 7.4 

0 20 (rnic) 1.6 x 107 PUA'd-5 S = 2-ACN: A' = OPBF; 0.1 mol L-1 CTAB. 81N048 
pO= 7.4 

OzOI EtOH (75:25) 1.3 x 107 295 PULd·2 S=RB. 94A1l3 

HzO 2.8 x 107 310 CRlLI-12 used kd = 3.2 x 105 s-1; soln. cont. 5 x 10-4 mol 92M228 

pH = 10.6 L-1 CoCI2, 102* from autoxidation of 
oxytetracycline. 

H2O 2.1 x 107 (Icr) CP/Oc-17 S = RB; A' = FFA; used k/ = 1.2 X 108 L mol-1 93R059 

pH=7 -I s . 

H2O 2.1 x 107 CP/A'c-18 S RB; A' = TrpH; used kd = 2.5 X 105 s-I. kA' = 93R059 

pH=7 6 x 108 L mol-1 S-I. 
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TABLE 13; Rate constants for the interaction of singlet oxygen with sulfur, selenium, and telurium compounds. - Continued 

'.~ 

1.No. Solvent k ~(kJk) T· Method Comment Ref. 
(Lmorl S-I) (mol L-1) (K) 

~.-': 

;J3.108 Methionine - Continued 

H2O 4x 107 CP/Ac-16 S = Eos; A' = 2,4-C12C6H30"; used kd = 5 X 105 87F537 
pH=lO S-I. 

H2O 8.6x 106 298 CP/Oc-19 S =Phenosafranine; Q = NaN3;·used.~ = 2.0 x 78A360 
pH =7.1 108 L morl s-l. 

H2O ~.Ox 107 CP/A'c-16 S = RB; A' = DPF; used kd = I X 106 s-l; Plots 777433 
pH=l1 are nonlinear. Used slope as [A] -+ O. 

H2O 1.2 x 107 CP/A'c-16 'S = RB; A' = DPF; used kd = 1x106 s-l; Plots 777433 
pH=? are nonlinear. Used slope as fAJ -+ O. 

H2O 0.052 298 CP/Ac-14 S = PF; P derived using «I>isc(PF) = 0.73. 70F732 
pH=6 

H2O 0.020 283 CP/Oc-15 S = MB; The mechanism of oxidation is not 65F029 
clear. 

H2O/MeOH 3x 107 PUA'd-5 S = MB; A' = DPBF. 72F516 
(50:50) 

H2O/MeOH 5 x 106 (kr) CP/Ac,A'c-17 S = MB; A' = DPBF; used kr A' = 8 x 108 L mol-1 72F516 
(50:50) S-I; kr derived using kT A = 3 X 108 L mol-l s-l 

and kA = 3 X 107 L mol9t s-l. 

~i;J3.109 Methionine, glycyl-

CH3CN/H2O L5 x 106 (kr) CP/Ac,A'c-l? S = RB; A' = DMA; kr A' not given. 93R059 
(50:50) 

CH3CN/H2O 1.5 x 107 PULd-2 S=RBorEos. 93R059 
(50:50) 

D201 BtOH (75:25) 2.1 x 107 295 PULd-2 S=RB. 94A113 

H2O. 1.3 x 107 (kr>' CP/Oc-17 S = RB; A' = FFA; used kr A'~i.:i ~ 108 L morl 93R059 
pH"::: 7 -1 

S • 

H2O 9.0Xl~:f CP/A'c-18 S = RB; A' = TrpHi used kd = 1.5 x 105 s-l, kA, = 93R059 
pH=7 6 x 108 Lmol-I s- . 

13.110 Methionine, S-methyl-N-(phenylmethyl)carbonyl-, methyl ester 

, CHC13 1.4 X 107 CP/A'c-33 S = A' = Rub: u5:ed kd = 1.7 x 104 ~-1. kA , = 5.:\ x 79AOR5 
107 L morl 8-1• 

13;111 •. Methionine methyl ester, 

CH3CNJHzO 1.:2 x 106 <kT) CP/Ac,A' a-17 S = RB; A' = DMA; "rAt not givell. 93ROS9 
(50:50) 

CH3CN/HiO 1.4 xl07 PULd-2 S = RB orEos. 93R059 
(50:50) 

H2O 1.0 x 108 CP/A'c-18 S = RB; A' = TrpH; used kd= 1.5 x 105 s-l,klf = 93R059 
pH=7 6 x 108 L mol-I s-l. . . 

H2O 7 X 106 (~) CP/Oc-17 S = RB; A' = FFA; usedk, If = 1.2 X 108 L morl 93R059 
pH ... 7 -I s . 

13.112 Morpboline, 4-[ (phenylmethyl)thio]-

C6~ 1.5 x 106 (kr) CP/Pa,P'a-17 S = TPP; A' = Octalin; used k/ = 1.8 X 106 L 94F024 
mol-1 8-1; P = 4-

[(Phenylmethyl)sulfinyl]morpholine; kobs = 2.9 X 

106 Lmorl s-1,// = 2. 

C6H6 1;5 X 106 (kr) CPIPa,P' a-17 S = TPP; A' = Adamantylideneadamantane; used 94F024 
. kr

A' = 3.5 x 10' L mol-1 S-I; P = 4-
[(Phenylmethy1)sulfinylJrnorpboline; kobs =2.9 x 
106 L morl s-I,// = 2. '. 

Cci~ 1.3 x 106 PULd.2 S "" TPP; product fonnation rate studies suggest 94F024. 

no physical quenching . 

• 1 PhV!lL Cham. Rat Data; Vol. 24. No; 2.1995 
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TABLE 13. Rate constants for the interaction of singlet oxygen with sulfur, selenium, and telurium compounds. - Continued 

No. Solvent k ~ (kd/k) T Method Comment Ref. 
(L mol-I s-I) (mol L-l) (K) 

13.113 2.Naphthalenethione,1,2-dihydro-1,1-dimethyl-

CHCl3 4.3 x 105 CP/A/c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA, = 5.3 x 
107 Lmol-I 8-1• 

85F151 

13.114 2-Naphthalenethione, 1,2-dihydro-1,1,3-trimethyl. 

CHCl3 6.7 x 105 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA, = 5.3 x 85F151 
107 L morl S-I. 

13.115 Octanoate ion, 6,S-dimercapto- (Dihydrolipoate ion) 

CHCl3/EtOH 5 x 106 310 CRlLI,Ac- used kd = 1 x lOS s-l; 102* from NDP02• 90E622 
(50:50) 5 x 106 (kr) 12,14 

13.116 Penicillamine 

OzO 4.6 x 106 310 CRlLI-12 used kd = 1.9 X 104 s-l; 10Z* from NDPOz• 91R055 
pO =7.4 

HzO 2.4 x 106 PULd-2 S;;;;; HzTPPS"-. 91R020 

13.117 3-Pentanethione,2,2,4,4-tetramethyl-

CHCl3 1.0 x 104 CP/A'c-33 S = A' = Rub; used kd = 1.7 x 104 s-l, kA' = 5.3 x 82A093 
10' L mor l S-I. 

13.118 1-Pentanol,5-(4-methylphenyl)thio-

CH3COCH3 1.5 x 104 (kr) CP/Ac-17 S = RB; A' = a-Pinene; used kr A' = 4.3 X 104 L 91F286 
morl s-l; meas. kr/kr= 192. 92F225 

CH3COCH3 2.9 x 106 PULd-2 S=RB. 91F286 
92F225 

13.119 3-Pentanol, 3,4-dimethyl-1-[( 4-methylphenyl)thio]-

CH3COCH3 6.5 x 104 (kr) 293 CP/Ac-17 S = RB; A' = Limonene; used kr A' = 1.7 x lOS L 91F170 
mol-I S-l; Mit = -22 kJ mol-I; M; = -226 J 
K-l morl; studied at 195-293 K; kr= 9.7 x lOS L 
mol-1 S-I at 223 K when A' = Cyclopentene and 
kr A' = 3.9 X 104 L mol-1 s-l. 

CH3COCH3 3.7 X 106 PULd-2 S=RB. 91F286 
92F225 

CH3COCH3 7.1 x 104 (kr) CP/Ac-17 S = RB; A' = Limonene; used krA' = 1.7 X 105 L 91F286 
mol-1 s-l; meas. kqlkr= 51.1. 92F225 

13.120 Phenol,4-(methylthio)-

C6H6 1.1 x 107 308 CRlA/c-16 A' = DPBF; used kd = 5.4 X 104 s-l; 102* from 85M098 

~"NPOz· 

MeOHlH2O 1.3 x 108 (kr) 308 CRJA'c-17 A' = UPHt·; lU2'" tram MNPOz. k./,' not given. 85M098 

(50:50) 

MeOHlH2O 1.6 x 108 308 CRlA/c-16 A' = DPBF; used kd = 2.8 x lOS s-l; 102* from 85M098 
(!iiO~!iiO) MNPOl . 

13.121 Phenothiazine 

C6HSBri MeOH 4.2 x 107 CP/A/c-23 S = A' = Rub; used kd = 4.9 X 104 S-I, kA' =4 x 777240 

(67:33) 107 L mol-1 s-l. 

MeOHlC6H6 288 CP/Pa-17 S = MB; measured (~/~r(MeOH» = 0.94. 757623 

(90:10) 

MeOHlC6H6 288 CP/Pa-17 S = MB; measured (~/~r<MeOH» = 1.0. 757623 

(80:20) 

MeOHlC6H6 288 CP/Pa-17 S = MB; measured (JV~r(MeOH» = 1.5. 757623 

(20:80) 

MeOHl 288 CP/Pa-17 S = MB; measured (~/~r(MeOH» = 0.34. 757623 

HOCH2CH2OH 
(25:75) 
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TABLE 13. Rate constants for the interaction of singlet oxygen with sulfur, selenium, and telurium compounds. - Continued 

Solvent 

,)J.lll Phenothiazine - Continued 

MeOHI 
HOCH2CH20H 
(75:25) 

T Method 
(K) 

288 CP/Pa-17 

;01,;\,122 Phenothiazine, 2-chloro-l0-dimethylaminopropyl- (Chlorpromazine) 

C6HsBrl MeOH 3.5 x 107 CP/A'c-23 
(67:33) 

;'13 • .123 Phenothiazine,10-methyl-

C6HSBrl MeOH ::5;1.2 x 106 CP/A'c-23 
(67:33) 

CHCl3 2.9 X 106 253 CP/A'c-33 

HzO/I-BuOHle- 8.4 x 104 (ke) 289 CPILI,Pa-
, C6H12 (72:16:4) 12,27 

(rnic) 

MeOD 5.3 x 106 289 CP/LI,Pa-
2.7 x 105 (ke) 
5.0 x 106 (kq) 

12,27 

13.124 • Phenothiazine, 10-(12-sulfonatododecyl)-

HzO (rnic) 4.9 x 105 ("'-) 289 CPILI,Pa-
1.1 x 106 (kq) 12,27 

, ·'13.125 Piperidine, 1-[ (phenylmethyl)thio]-

C6H6 3.6 X 106 PULd-2 

,:I:U26 Pivalothiophenone 

CHCl3 4.3 x 105 CP/A/c-33 

13.127 Pivalotbiophenone,4'-chloro-

CHel3 2.0x lOS CP/A'c-33 

',13.128, Piv8Iotbiophenonc,4'-8uoro-

CHCl3 3.6 x 105 CP/A'c-33 

13~1l:9 ,PlvaJothiophenol1e, 4' .methoxy" 

CHCl3 9.2x lOS CP/A'c-33 

'13.130 L-Proline, 1-(3-mercapto·2-methyl.l .. oxopropyl)-, (S). (Captoprll) 

CHCl3/EtOH 4xl06 310 CRlLI-12 
(50:50) 

D20 310 CRlLI-12 
pD = 7.4 

13.131, I.Propanethiol,3-amino-2-hydroxy-

PULd-2 

'13.132 I.Propanol, 3·(3 .. chlorophenyl)thio-

CH3COCH3 6.0 x 105 PLtLd-2 

Comment 

S = MB; measured (JVP..{MeOH» = 0.51. 

S = A' = Rub; used kd =4.9 x 104 s-l, kA'=4 X 

107 Lmorl s-l. 

S = A' = Rub; used kd =4.9 x 104 s-l,kA,=4x 
107 L mol-I s-l. 

S = A' = Rub; used kd = 1.7 X 104 s-1, kA, = 5.3 x 
107 L mol- I s-l. " 

S = RB; used kd = 1.6 x 105 s-l; P= 10-
Methylphenothiazine-5-oxide; 8% SDS; used kq 
= 5.0 x 106 L marl s-l, IPA(RB) = 0.75. 

S = RB; used kd = 4.4 X 103 s-l; P= 10-
Methylphenothiazine-5-oxide; used -P,1(RB) = 
0.75. 

S = RB; used kd = 2.5 x 105 s-I; P= 10-(12-
Sulfonatododecyl)phenothiazine-9-oxide; [A] = 
10-2 mol L-l ; counter ion Na+; used CPA(RB) = 
0.75. 

S=TPP. 

S = A' = Rub; used kd = 1.7 X 104 s-l,kA,=5.3 x 
107 Lmol-1 s-1. 

S = A' = Rub; used kd= 1.7 x 104 S-1, kA' = 5.3 x 
107 Lmol-1 8-1• 

S = A' = Rub; used kd =1.7 x 104 8-1, kg = 5.3 x 
107 Lmol-1 s-I. 

S = A' = Rub; used kd = 1.7 X 104 s-1 , kA, = 5.3 x 
107 L mol-1 g-l. ' 

S=H2TPPs+. 

S=RB. 

887 

Ref. 

757623 

777240 

777240 

82N064 

87N09O 

87N090 

87N090 

94F024 

82A093 

82A093 

82A093 

82A093 

90E622 

91ROjj 

9 1 R020 

91F286 
92F225 

.1 PhVQ r.hAm_ RAf. Data. VOI?4 Nri ~-1995 
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TABLE 13. Rate constants for the interaction of singlet oxygen with sulfur, selenium, and telurium compounds. - Continued 

No. Solvent k \3 (kd/k) . T Method Comment Ref. 
(L mol-1 S-I) (mol L-1) (K) 

13.133 I-Propanol,3-(4-chlorophenyl)thio-

CH3COCH3 8.6 x 105 PULd-2 S=RB. 91F2XI, 
92F22~ 

13.134 1-Propanol,3-(4-fluorophenyl)thio-

CH3COCH3 1.3 x 106 PULd-2 S=RB. 91F2ll() 
92F22) 

13.135 I-Propanol,3-(4-methoxyphenyl)thio-

CH3COCH3 4.1 x 106 PULd-2 S=RB. 91F286 
92F225 

13.136 I-Propanol, 3-( 4-methylphenyl)thio-

CH3COCH3 7.1 X 104 (kr) CP/Ac-17 S = RB; A' = Limonene; used k/' = 1.7 X 105 L 91F286 
mol-1 s-l; meas. keller = 31.3. 92F225 

CH3COCH3 2.3 x 106 PULd-2 S=RB. 91F286 
92F225 

13.137 I-Propanol,3-(phenylthio)-

CH3COCH3 3.3 x 104 (kr) CP/Ac-17 S = RB; A' = a-Pinene; used lerA' = 4.3 X 104 L 92F225 
mol-1 S-I. 

CH3COCH3 1.5 X 106 PULd-2 S=RB. 91F286 
92F225 

13.138 Pyran-4-thione 

CH2Cl2 2 X 10-3 298 CPIPa-15 S = MB; P = Pyran-4-one. 717403 

13.139 Pyran-4-thione,2,6-dimethyl-

CH2Cl2 3 x 10-4 298 CP/Pa-15 S = MB; P = 2,6-Dimethylpyran-4-one. 717403 

13.140 Pyran-4-thione, 2,6-diphenyl-

CH2Cl2 1.4 x 10-3 298 CP/Ac-15 S=MB. 717403 

13.141 Pyrazole-3-selone, 4-(aminomethylene)-2,4.dihydi-o-5-methyl-2-phenyl-, (Z)-

1-BuOH 1.8 x 108 (kr) 6.1 x 10-4 (\3r) 295 CP/Ac-14 S = A; used kd = 1.1 X 105 S-I; used $A(S), 85F646 

c-C6H12 1.2 x 109 (Js.) 4.8 X 10-5 (\3r) 295 CP/Ac-14 S = A; used kd = 5.9 X 104 s-I; used $A(S), 85F646 

CCI4 1.3 x 106 (k,) ':\ x 10-5 (I3r) 295 CP/Ac-14 S = A; used kd = 38 s-I; used $A(S), 85F646 

CDCl3 2.6 x 107 (kr) 4.5 x 1 0-5 (~r) 295 CP/Ac-14 S = A; used kd = 1.2 X 103 
S-I; used $.:\(S), 85F646 

CH3CN 1.3 x 108 (kr) 1.3 x 10-4 (\3r) 295 CP/Ac-14 S = A; used kd = 1.7 X 104 s-l; used $.:\(S), 85F646 

CHCl3 2.0 x 107 (kr) 2.0 x 1 0-4 (~r) 295 CP/Ac-l.d ~ = A: used kd = 4.0 X 103 s-l; used 4>A(S), 85F646 

EtOH 2.8 x 108 (kr) 3.5 x 10-4 (\3r) 295 CP/Ac-14 S = A; used kd = 1 X 105 s-1; used $.:\(S), 85F646 

EtOH 1.3 x 108 (kr) 7.4 x 10-4 (~r) 295 CP/Ac-14 S = Eey; used kd = 1 X 105 S-I; used $A(S), 85F646 

EtUH 2.2 x lOS (kr) 4.5 x 10-4 <l3r) 295 CP/Ac-14 S - Eos; used ku = 1 x 105
1::.-

1: used 4>.~JS). 85F646 

EtOH 7 x 107 (kr) 1.4 x 10-3 (\3r) 295 CP/Ac-14 S = Rhodamine S; used kd = 1 X 105 s-l; used 85F646 
q,A(S), 

EtOH 8 x 107 (kr) 1.2 x 10-3 (~r) 295 CP/Ac-14 S = MB; used kd = 1 X 105 s-I; used $A(S), 85F646 

MeOH 2.6 x 108 (kr) 5.5 x 10-4 (~r) 295 CP/Ac-14 S = A; used kd = 1.4 X 105 s-l; used $A(S), 85F646 

MeOH-d3 3.1 x 10-4 (~r) 295 CP/Ac-14 S = A; used q,A(S), 85F646 

2-PrOH 3.1 x 10-4 <\3r) 295 CP/Ac-14 S = A; used q,~(S). 85F646 

dioxane 3.6 x 108 (kr) 9.1 x 10-5 (\3r) 295 CP/Ac-14 S = A; used kd = 3.3 X 104 s-l; used $A(S), 85F646 

13.142 Pyrazole-3-thione, 4-(aminomethylene)-2,4-dihydro-S-methyl.2.phenyl-

I-BuOH 9.2 x 107 (kr) 1.2 x 10-3 (\3r) 295 CP/Ac-14 S = A; used kd = 1.1 X 105 s-l; used $~(S). 85F646 

c-C6H12 5 x 108 (kr) 1.1 x 10-4 (~r) 295 CP/Ac-14 S = A; used kd = 5.9 x 104 s-l; used $A(S), 85F646 

C6H5CH3 1.4 x 108 (kr) 2.7 x 10-4 (~r) CP/Ac-14 S = A; used kd = 4.2 X 104 s-l; used C\l.:\(S). 84F244 
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TABLE 13. Rate constants for the interaction of singlet oxygen with sulfur,selenium, and telurium compounds. --.-: Continued 

:~:".>" 

8;,~, Solvent k 13 (kd1k) T Method Comment Ref. 
(Lmor1 S-I) (mol L-1) (K) 

~~~r~:'6~ 

)~..t42 Pyrazole-3-thione, 4-(aminomethylene )-2,4-dihydro-5-methy)-2-pheny). - Continued 

n-C;HI6 7.0 xl08 (kr) 8.4 x 10-5 (Pr)' CP/Ac-14 

CCl4 1.9 x 106 (kr) 2 x 10-5 (Pr) 295 CP/Ac-14 

CDC)3 2.4 x 107 (kr) 5.0 x 10-5 <Pr) 295 CP/Ac-14 

CH3CN 1.3 x 108 (kr) 1.3 X 10-4 (Pr) 295 CP/Ac-14 

CH3CN 2.8 x 108 (kr) 6.7 x 10-5 (Pr) CP/Ac-14 

CHC13 1.9 x 107 <kr) 2.1 x 10-4 (Pr) 295 CP/Ac-14 

CHCl3 7.4 x 107 (kr) 2.3 x 10-4 (Pr) CP/Ac-14 

EtOH 8.3 x 107 (kr) 1.2 x 10-3 (Pr) 295 CP/Ac-14 

. EtOH! H20 (96:4) 8.5x 10' (kr) 9.7 x 10-<1 (~r) CPfAc-14 

MeOH 8.4 x 107 (kr) 1.7 x 10-3 (Pr) 295 CP/Ac-14 

MeOH S.! x 107 (kr) 1.6 x 10-3 (Pr) CP/Ac-14 

M~OH-d3 8:1 x 10-4 (Pr) 295 CP/Ac-14 

2-PrOH 7.3 x 10-4 CPr) 295 CP/Ac-14 

dioxane 1.0 x 108 (kr) 3.3 x 10-4 (Pr) 295 CP/Ac-14 

dioxane 2.0 x 108 (~) 1.5 X 10-4 (Pr) CP/Ac-14 

f~',143 . Thiacyclohex-2-ene, 2-methyl-, I-oxide 

C6~ >1 x 102 (Pt) CP/Ac-17 

~:J3.144 Thiacyclopent-2.ene, 2.methyl., I-oxide 

C6~ >1 x 102 <Pr) CP/Ac-17 

,~45;·; Thiane 

C6HsCH3 1.3 x 107 298 PULd-2 

C6HSCH3 2 x 107 (kr) 198 CP/Pa-17 

CH3COCH3 1.6 x 10' 298 PULd-2 

CH3COCH3 4.7 x .105 (Ie,;) 298 CPIPa-17 

CH,COCH'l 9.4 X 106 (kr) 198 CPIPa-17 

CHC13 1.3 x 107 CP/A'c-T~ 

2-PrOH 1.4 x 107 298 PULd-2 

',jtU46 Thh::pam:: 

. CHC13 1.3 X 107 CP/A'c-33 

-1',147 Thiepio, 4,5-didehydro-2,3,6,7-tetrahydro·3,3,6,6-tetramethy). 

. CHCl3 3.5 X 106 CRlA/c-33 

:'~U48 Thiepin, 4,5-didehydro·2,3,6,7 .tetrahydro·3,3,6,6.tetramethy)., 1,I·dioxide 

CHCl3 3 x 105 CRlA'c-33 

~llU49 -. Thiepin, 4,5-didehydro-2,3,6, '7 -tetrahydro-3,3,6,6;.tetram'ethyl-, I-oxide 

CHCl3 7:2 x 104 CRlA'c-33 

S = A; used kd = 5.9 x 104 s-l; used cIl6(S). 84F244 

S = A; used kd = 38 s-l; used cIl6(S), 85F646 

S = A; used kd = 1.2 x 103 s-l; used cIl6(S), 85F646 

S = A; used kd = 1.7 X 104 s.,..l; used cIl6(S), 85F646 

S = A; used kd = 3.3 X 104 s-l; used cIl6(S), 84F244 

S = A; used kd = 4.0 X 103 s-l; used cIl6(S), 85F646 

S = A; used kd = 1.7 X 104 
S-I; used cIla(S), 84F244 

S = A; used kd = 1 X 105 s-1; used cIl6(S), 85F646 

S = A; useu kd:;: 8.3 ~ 104 s-l; u5cd q,6(S). B4F244 

S = A; used kd = 1.4 X 105 s-l; used cIla(S), 85F646 

S = A; used kd = 1.4 X 105 S-I; used cIl6(S), 84F244 

:s = A; used «I>6(S). 8:5P'646 

S = A; used cIl6(S), 85F646 

S = A; used·kd = 3.3 x 104 s'-l; used cIla(S), 85F646 

S = A; used kd = 3.1 x 10~ S-I; used cIl6{S). 84 ... 244 

S = TPP; A' = Linalool; used p/' = 0.18 mol L -1. 89F400 

S = TPP; A' = Linalool; used PrA' = 0.18 mol L-1. '89F400 

S=TPP. 92FI04 

S = TPP; A' = TME; used Ie,; K = 1.2 X 107 L ' 91F170 
mol-1 s-l; Mf; =-21.kJ mol-I; as* =-205 J 
K-1 mol-I; studied at 198-293 K; P = sulfoxide + 
sulfone. 

S=RB. 92FI04 

S = RB; A' = TME; used Ie,; K = 2.7 X 107 L mor1 - 92FI04 
-1 s . 

S = RB; A' = TME; used k/, = 1.2 X 107 L mol-1 91F170 
S-1; Mf* = -17 kJ mor1;AS* = -192 J K-1 

mol-I; studied at 198-293 K; P = sulfoxide + 
sulfone. 

~= A' = Ruh; used kd := 1.7 x 104 s-l. kA' == 53 x ' 79A085 
107 Lmol-1 S-I, 

S=RB. 92FI04 

S = A' = Rub; used kd= 1.7 x 104 s-l, kK = 5.3 x . 79A085 
107 L mol-1 s-l. 

A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 107 81EOO3 
Lmor1 S-I; 102* fromDMN02. 

A' = Rub; used kd = 1.7 X 104 s-l, kA, = 5.3 X:'i07 81EOO3 
L morl s-l; 102* from DMNOi. 

A' = Rub; used kd = 1.7 X 104 S-I, kA, = 5.3 x 10' 81EOO3 
L mor.,1 s-l; 102* from DMN02• 
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TABLE 13. Rate constants for the interaction of singlet oxygen with sulfur, selenium, and telurium compounds. - Continued 

No. Solvent k ~ (kdtk) T Method Comment Ref. 
(L mol-1 S-l) (mol L-1) (K) 

13.150 Thiepin, 2,3,6,7 -tetrahydro-3,3,6,6-tetramethyl-

CHCl3 3.5 x 106 CRlA'c-33 A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 X 107 81EO<B 
L mol-1 S-l; 102* from DMN02• 

13.151 Thiirane, 2,3-diphenyl-, (E) 

CICF2CCl2F 4.3 x 103 PULd-2 S=DNT. 87AOn 

13.152 Thiirane, methyl-

CICF2CCl2F 6.6 x 104 PULd-2 S=DNT. 87A072 

13.153 Thiobenzamide, 4-chloro-

CH2C12 273 CPI Ac,A' c-17 S = Poly-RB; A' = C6HsCSNHz; meas. k,!k,; A' = 84FI~6 

0.80. 

13.154 Thiobenzamide,4-methoxy-

CH2Cl2 273 CPt Ac,A' c-17 S = Poly-RB; A' = C6HsCSNHz; meas. k,lk/" = 84F196 
1.1. 

13.155 Thiobenzamide,4-methyl-

CHzClz 273 CPt Ac,A' c-17 S = Poly-RB; A' = C6HsCSNHz; meas. k,lk/' = 84Fl% 
1.0. 

13.156 Thiobenzamide, 4-nitro-

CH2Cl2 273 CPtAc,A'c-17 S = Poly-RB; A' = C6HsCSNH2; meas. k,lk/' = 84FI96 
0.45. 

13.157 Thiobenzamide, 4-(triftuoromethyl)-

CH2Cl2 273 CPt Ac,A' c-17 S = Poly-RB; A' = C6HsCSNH2; meas. k,lk,; A' = 84F196 
0.52. 

13.158 Thiobenzophenone, 4-chloro-

CHCl3 1.1 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 
107 L mol-1 S-I. 

82A093 

13.159 Thiobenzophenone, 4,4' -dichloro-

CHCl3 2 x 105 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 
107 Lmol-1 s-l. 

82A093 

13.160 Thiobenzophenone, 4,4' -dimethoxy-

CHCl3 9.6 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-I, kA' = 5.3 x 82A093 
107 L mo}-1 S-I. 

13.161 Thiobenzophenone, 4,4' -dimethyl-

CHCl3 3.7 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-I, kA' = 5.3 x 82A093 
107 L morl s-l, 

13.162 Thiobenzophenone,4-methoxy-

CHCl3 5.4 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 S-I, kg = 5.3 x 82A093 
107 LmOri S-I. 

13.163 Thiobenzophenone, 4-phenyl-

CHCl3 3.1 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA' == 5.3 x 
107 LmOri S-I. 

82A093 

13.164 2,2' -Thiodiethanol 

MeOH 0.016 293 CP/Oc-15 S = F1cIl-; Ea = 6.3 kJ mol-I. 68F288 

MeOH 0.013 293 CP/Oc-15 S = F1Br4CIl'; Ea = 3.8 kJ mor1. 68F288 

MeOH 0.010 293 CP/Oc-15 S = DNT; Ea;; 8.4 kJ mol-I, 68F288 

MeOH 0.022 293 CP/Oc-15 S = MB; Ea = 7.5 kJ mol-I. 68F288 

MeOH 0.025 293 CP/Oc-15 S = RB; Ea = 5.4 kJ mol-I. 68F288 
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TABLE 13. Rate constants for the interaction of singlet oxygen with sulfur, selenium, and telurium compounds. - Continued 

)tr". 

.N(), Solvent 'k ~ (kik) T Method Comment Ref. 
(L mol-1 S-I) (mol L-1) (K) 

13.165 Thioketene, di-tert-butyl-

CHCl3 1.2 x 107 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-l, kA, = 5.3 x 84A070 
107 Lmorl s-l. 

.13.166 Thioketene, 2,2,6,6-tetramethylcyclohexyl-

CHCl3 9.9 x 107 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-I, kA, = 5.3 x 
107 L morl S-I . 

84A070 

. 13.167 Thiophene 

MeOH 2.0x 105 0.45 CP/A'c-16 S = MB; A' = DPBF; used kd = 9.0 X 104 8-1• 72F519 

MeOH ~6.0 x 102 293 CPtOc-15 S = RB; Ea =25 kJ mol-I. 68F288 

13.168· Tbiophene, tetrahydro-

CHCl3 4.2 x 107 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 S-I, kA, = 5.3 x 79A085 
107 L mol- l 8-1• 

MeOH 2.8 x 106 0.032 CP/A'c-16 S = MB; A' = DPBF; used kd = 9.0 X 104 s-l. 72F519 

l3.169 2,5-Thiopbenedithione, 3,4-bis[ (cyclohexylamino )methylene ]dihydro-, (z,z) 

C6HsCH3 1.0 x 107 (kr) CP/Ac,A'c-17 S = PP; A' = DPBF; used kr A' = 6.7 x 108 L morl 

S-I. 
88A50i 

C6HsCH3 9.0 X 107 PllLd-2 S=TPP. 88A50~ 

CH3CN 4.0 x 106 (Ier) CPI Ac,A' c-17 S = MB; A' = DPBF; used krA' = 1.1 X 109 L 
mol-1 s-l. 

88A50~ 

CH3CN 1.6 x 108 PllLd-2 S=TPP. 88A507 

CHCl3 4.8 x 107 PllLd-2 S=TPP. 88A507 

.13.170 2-Thiophenethione, 3-[( cyclohexylamino )methylene ]-5-ethyl-, (Z)-

C6HSCH3 1.8 X 108 (kr) CPI Ac,A' c-17 S = PP; A' = DPBF; used kr A' = 6.7 X 108 L mol-1 88A507 
-1 s . 

C6HsCH3 1.6 X 108 PULd-2 S=TPP. 88AS07 

CH3CN 7.7 x 108 (kr) CPt Ac,A' c-17 S = MB; A' = DPBF; used kr A' = 1.1 X 109 L 88AS07 
mol-1 S-l. 

CH3CN 9.0x 1011 PULd-2 S=TPP. 88A507 

CHC13 2.5 x 108 PULd-2 S=TPP. 88A507 

2-PrOH 5.5 x 108 PULd-2 S=TPP. 88AS07 

13.171 Z·Thiophenethione, 3,3'.[1,2-ethanediylbis(iminomethylidyne)]bis[5-etbyl-, (z,z) 

C6HsCI 2.1 x 108 PULd-2 S=TPP. 88A507 

(,H3~N 5R)( 108 PULd-2 S"",TPP. gSAS07 

CH3CN 2.7 x 108 (kr) CP/ Ac,A' c-l7 S = MB; A' = DPBF; used lcrA' = 1.1 X 109 L 88A507 
morl s-l. 

CHCl~ 2.0x 108 PULd-2 S=TPP. 88A507 

13~172 Thiopyran-4.thione 

CH2Cl2 <1.0 x 10-4 298 CPIPa-15 S = MB; P = Thiopyran-4-one. 717403 

13.173 Thiopyran-4-thione,2,6-diphenyl· 

CH2Cl2 2.6x 10-3 298 CP/Ac-1S S=MB. 717403 

13.174 Thiourea 

CsHsN 6 x 107 (lcr) PULd-2 S = PdMP; meas. tIlox = tIlA• 80A398 

CsHsN 9x 107 273 CP/LI-12 S = MP; used kd = 5.9 X 104 S-I. 78F549 

CH3COCH3 2.5)( 107 (k,) PULd-2 S = PdMP; meas. $VA ~ $0' &OA39& 

CH3COCH3 1.3 x 108 273 CP/LJ-12 S = MP; used kd = 5.0 X 104 S-1. 78F549 

EtOH! H20 (96:4) -1 x 108 273 CP/LI-12 S = MP; kd not given. 78F549 

.t Phv~. Chem. Ref. Data. Vol. 24. No.2. 1995 
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TABLE 13. Rate constants for the interaction of singlet oxygen with sulfur, selenium, and telurium compounds. - Continued 

No. Solvent k 13 (kd1k) T Method Comment Ref. 
(L mol-I s-I) (mol L-1) (K) 

13.174 Thiourea - Continued 

H2O 4.4 x 106 298 CP/Oc-19 S = Phenosafranine; Q = NaN3; used leo. =2.0 x 78A360 
pH = 7.1 108 L morl S-I. 

MeOH .0.024 CUOc-15 S = Ru(bpyh2+. 777221 

MeOH 0.040 293 CP/Oc-15 S = MB; Ea = 6.3 kJ morl. 68F288 

13.17S Thiourea, allyl. 

i-CsH110H 0.023 293 CP/Oc-14 S=Chl a. 56FOO7 

CsHsN -2.7 x 107 285 CP/P'a-20 S = A' = DMA; meas. kAlkA' = 0.7; k derived 737202 
using (k(TME)/kA') = 1.1 and k(TME) = 4.0 x 107 

Lmorl s-l. 

c-C6HllOH Sl x 10-3 293 CP/Oc-14 S = ChI a. 56F007 

C6HsCH2OH 9.2 x 10-3 293 CP/Oc-14 S=Chla. 56FOO7 

H2O 4x 106 298 CP/Oc-19 S = Phenosafranine; Q = NaN3; used leo. = 2 X 108 78F020 
pH =7.1 Lmorl s-I, 

H2O 0.01 310 CP/Oc-15 S=PF. 617008 
pH 5-9 

H20 (mic) 4.5 x 106 CP/Oc-19 S:: ChI a; Q:: N3-; used "0 = 2 X 108 L marl 78A278 
pH =7.0 8-

1
; S solubilized in Triton X-lOO micelles (1.0 

% by volume). . 

MeOH 0.10 293 CP/Oc-15 S=Chla. 56FOO7 

13.176 Thiourea, methyl-

H2O 2 x 106 298 CP/Oc-19 S = Phenosafranine; Q = NaN3;used ko. = 2 X 108 78A360 
pH= 7.1 LmOrI 8-1. 

13.177 1,4. Thioxane 

CHCl3 1.:5 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 ;x. 10d s-', k A, = 5.:3 x 79A085 
107 L morl s-l. 
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TABLE 14. Rate constants for the interaction of singlet oxygen with inorganic compounds. 

-:';,*~;L, 

:~~ Solvent k P (kd1k) T Method Comment Ref. 
(L mol-1 S-l) (mol L-1) (K) 

~18,;"';'_ 

~~.,J Ammonia 

MeOHlC6~ 3.3 x 10-4 «(3r) 298 CRlA'c-17 A' = Rub; used (3/' = 1.4 X 10-3 mol L -1; 102* 80M378 
(67:33) from (PhOhP03' 

j4~i Azide ion 

n-~H161H20 (rnic) 3.3 x 108 PLILd-2 S = RB; reverse micelles contg. 0.25 mol L-1 84N114 
AOT and 2% H2O. 

CH3CN 4.8 X 109 PLILd-2 S=MB. 89A346 

OMF 1.2 x 108 CP/Ac-22 S = A' = Pt(phen)(OMT); used kd = 1.4 x lOs S-l. 89F462 

OMSO 6x 108 CP/P'a-25 S = GV; A' = TEMP-4-0H; used kd = 5.2 X 104 

S-I, irA' = ~_2 'X 106 L mnr·1 !;-1; P = 4-Hydroxy-
890112 

2,2,6,6-tetramethylpiperidine N-oxyl; counter 
ion = Na+, measured by esr. 

0 20 3 x 108 PLILd-2 S = MB; k for 1-+ 0; atI = 3 92F181 
(tetramethylanunonium chlurlde)k = 7.9 ~ lOR, 
atI= 3 (NaCI) k= 7.1 x 108 Lmol-l S-I. 

0 20 9x 107 310 CRlA'c-32 A' = OPBF; used kd = 1.5 X 104 s-l; 102* from 89M038 
pO= 11.2 DOPAlH20 2• 

0 20 5x 107 310 CRlA'c-32 A' = OPBF; used kd = 1.5 X 104 s-l; 102* from 89M038 
pO = 11.2 OopaminelH20 2• 

0 20 6.3 x 108 4.0x 10-5 CPILI-12 S = RB; used kd = 2.5 X 104 s-l. 87E150 
pH=7.0 

O2° 6.9 x 108 3.1 X 10-5 CPILI-12 S = Eos; used kd = 2.2 X 104 S-l. 87E150 
pH=7.0 

0 20 4.4 x 108 PLILd-2 S = H2TPPs+; counter ion Na+. 86F149 

0 20 5.1 x 108 PUA'd-5 S = MB; A' = ADPA. 81N048 
pO =7.4 

O2° (mic) 3.9 x 108 PUA'd-5 S = 2-ACN; A' = DPBF; 0.1 mol L-1 SDS. 81N048 
, pO=7.4 

O2° (mic) 8.2 x 108 PUA'd-5 S = 2-ACN; A' = OPBF; 0.1 mol L-1 crAB. 81N048 
pO=7.4 

-020 (ves) 1.1 x 108 CP/A'c-16 -S = RB; A' = OMA; used kd = 1.8 X 104 s-l; 86N104 
0.05% egg yolk lecithin. 

EtOH 2.2 x 108 PLILd-2 S = MB; k for I -+ 0; at 1= 3 92F181 
(tetramethylammonium chloride) k = 5.5 X 108 L 
rnol-1 S-I. 

EtOH 2.0x 108 CP/A'c-16 S = MC 540; A' : OPBF; used kd = 6.5 X 104 S-I. 88F151 

EtOHI H20 (96:4) 3.9 x 108 CPlP'a-18 S = HA; A' = TEMP; used ktl = 6.5 X 104 5-1; P = 90R162 
2,2,6,6· Tetramethy lpiperidine-N-oxyl; monitored 
byesr. 

H2O 2.9 x 107 310 CRlLI-12 used kd = 3.2 x 105 S-I; soln. cont. 5 x 10-4 mol 92M228 
pH: 10.6 L -1 CoCI2, 102* from autoxidation of 

oxytetracycline. 

H2O 4.5 x 108 CP/A/c-18 S: RB; A' = TrpH; used kd: 2.5 X 105 s":'l, kA,: 93R059 
pH=7 6x 108 Lmor1 s-l. 

H2O 3.8x 108 CULI-12 S = RB; used kd = 2.4 x lOs s-l. 91E570 
pH =5.4 89E798 

H2O <7 x 105 (kr) 298 CP/A'c-16,17 S = RB, Humic acids; A' : FFA; used kd : 2.5 x 87A063 
pH: 4.7-8.1 5.0 x 108 (kq) 105 s-I; meas. klkr A! g).OO61; used kr A' = 1.2 X 

108 L mor1 s-l; counter ion Na+. 

H2O 5.8 x 108 4.1 X 10-4 CPILI-12 S : Eos or RB; used kd = 2.4 X 105 s-I. 87E150 
pH =7.0 

H2O 1 x 109 CP/Oc-16 S = Eos; A' : 2,4-CI2C6H30-; used kd = 5 X 105 87F537 
pH=lO -1 s . 
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TABLE 14. Rate constants for the interaction of singlet oxygen with inorganic compounds. - Continued 

No. Solvent 

14.2 Azide ion - Continued 

H20 
pH=7 

H20 

H20 
pH = 8.4 

H20 

H20 (mie) 
pH =7.0 

H20 (mie) 

pH=7.0 

H20 (ves) 

H20/MeOH 
(80:20) 

H20/MeOH 
(60:40) 

H20/MeOH 
(40:60) 

H20/MeOH 
(20:80) 

MeOH 

MeOH 

MeOH 

McOH 

MeOH 

MeOHlC6H6 
(tl7:11) 

MeOHl 
HOCH2CH20H 
(90:10) 

MeOHl 
HOCH2CH20H 
(80:20) 

MeOW 
HOCH2CH20H 
(70:30) 

2.1 X 109 

2.5 X 108 

6.0 X 108 

7.6 X 108 

7.9 X 108 

9.9 X 107 

1.1 X 109 

5.2 X 108 

3.0x 108 

2.3 X 108 

2.3 X 108 

2.3 x 108 

2.2 X 108 

, 2.5 X 108 

3.0 X lOll 

T Method 
(K) 

298 CP/A/c-16 

CP/Oc-22 

298 CP/A/c-20 

CP/P"a-23 

303 CP/A'c-20 

303 CP/A'c-20 

303 CP/A'c-20 

313 CP/A'c-23 

313 CP/A'c-23 

298 CP/A'c-20 

298 CP/A'c-20 

CP/A'c-I6 

CP/A'c-16 

CP/P"a-23 

CP/P"a-23 

CP/P"a-23 

CP/P"a-23 

297 CRIP' a-16 

CP/A'c-16 

303 PUTb-3 

CP/A'c-23 

PUA'd-5 

298 CRlA/c·17 

303 PUTb-3 

303 PUTh-3 

Comment 

s = UP; A' = TrpH; used kd = 3 X 105 s-l. 

S = MB; A' = PBN; used kd = 5 X 105 8-1. 

S = MB; A' = TrpH; used kd = 5.0 X 105 s-l. 

Ref. 

86F67,'i 

80A3\') 

78 FOflI 

S = A' = I-AnS; used kd = 5.0 X 105 s-l; A" = KI, 78FIX \ 
P" = 13-, 

S = HA; A' = DPBF; used kd = 5.0 X 105 s-l; 2.9 92NI7'J 
X 10-4 mol L-1 SOS. 

S = HA; A' = DPBF; used kd = 5.0 X 105 S-I; 2.2 92N17" 
X 10-4 mol L-1 Triton X-100. 

S = HA; A' = DPBF; used kd = 5.0 X 105 s-l; 2.3 92N17'1 
X 10-4 mol L-1 TDPB. 

S = Py; A' = OPBF; used kd = 5.0 X 105 s-l; A' 78A17·1 
and S solubilized in DTAC micelles. 

S = Py; A' = DPBF; used kd = 5.0 X 105 S-I; A' 78A17·1 
and S solubilized in SOS micelles. 

S = MB; A' = DMA; used kd = 5.0 X 105 s-l; A' 78F061 
solubilized in DTAC micelles. 

S = MB; A' = 2,5-Diphenyloxazole; used kd = 5.0 78F061 
X 105 S-I; A'solubilized in DTAC micelles. 

S = A' = MC 540; used kd = 4.0 x 104 s-l; soln. 92AI2:1 
contg. OLPC. 

S = RB; A' = DMA; used kd = 2.5 X 105 s-l; 86NlO'1 
0.05% egg yolk lecithin. 

S = A' = I-AnS; used kd = 4.0 x 10' S-l; A" = KI, 78F18:l 
P" = 13-, 

S A' = 1-AnS; used kd 3.2 x 105 s-l; A" Kl. 78F183 
P" = 13-, 

S = A' = I-AnS; used kd = 2.5 X 105 5-1; A" = Kl, 78F183 
P"=I3-· 

S A' I-AnS; used kd 1.9 x 105 s-l; A" KI, 7&Fl8:1 
P" = 13-, 

A' = TEMP; fonnn. of TEMPO monitored by esr; 92D227 
soln. cont. MeONa and CoCI2• 102* from 
autoxidation of adrenaline; ku not given. 

S = MC 540; A' = DPBF; used kd = 1 X 105 s-1. 88F151 

S = Ery; Ea = 7.2 kJ mol-I; studied at 303-323 K. 82A140 

S == Py; A' -= DPBF; used ka "" 1.4 x 105 3-1• 

S = MB; A' = OPBF. 

A' = Rub; used f3/' = 1.4 x 10-3 mol L-1; 102* 
from (PhO)3P03' 

S =Ery. 

S =Ery. 

S =Ery. 

78A171 

72F515 

80M378 

82A140 

82A140 

R?A 140 
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TABLE 14. Rate constants for the interaction of singlet oxygen with inorganic compounds. - Continued 

Solvent k 
{'., (L mor1 s-l) 

I;'~ A>:ldelon - Continued 

MeOHl 4.9 x 108 

HOCH2CH20H 
(60:40) 

MeOHl 
HOCH2CH20H 
(50:50) 

i# . Hydrogen azide 

H20 
pH= 1.9 

Bromide ion 

C6HSBrl 
CH3COCH3 
(67:33) 

C6HSBrl 
CH3COCH3 
(67:33) 

C6HSBrl MeOH 
(67:33) 

!~ Chloride ion 

C6HsBrl 
. CH3COCH3 

(67:33) 

C6HSBrl MeOH 
(67:33) 

CH3CN 

:;:U.6 Deuterium peroxide 

0 20 

,iU-7 Hydrazine hydrate 

CsHsN 

CCl4 

CH3COCH3 

MeOHlC6~ 
(67:33) 

il4JJ ." Hydroxide-d ion 

D20 

ilA3 Iodide ion 

C6HSBrl 
CH3COCH3 
(67:33) 

C6HSBrl 
CH3COCH3 
(67:33) 

C6HsBrl 
CH3COCH3 
(67:33) 

C6HsBrl MeOH 
(67:33) 

6.9 X 108 

8.8 X 102 

8.7 X 101 (kr) 

6.1 x lOs 

5.5 X 107 (kr) 

9.1 X 107 

8.1 X 107 

2.8 X 108 

4.0 x 10-4 <Pr) 

T Method 
(K) 

303 PUIb-3 

303 PUTb-3 

298 CP/A'c-16 

CP/A'c-23 

CP/A'c-23 

CP/A'c-23 

CP/A'c-23 

CP/A'c-23 

PULd-2 

PULd-2 

293 PULd-2 

PULd-2 

PULd-2 

PULd-2 

298 CRlA'c-17 

293 PULd-2 

CP/A'c-23 

CP/A'c-23 

CP/A'c-23 

CP/A'c-23 

Comment 

S=Ery. 

S=Ery. 

S = MB; A' = FFA; used kd = 2.5 x lOs s-l. 

S ::: A' ::: Rub; No measurable effect; LiBr or 
tetrabutyJammonium bromide. 

S = A' = Rub; used kd = 3.2 X 104 8-1, kAt::: 4 X 

107 L morl s-l; dicyclohexano-18-crown-6-
polyether. potassium bromide. 

S = A' = Rub; No measurable effect; LiBr or 
tetrabutylammonium bromide. 

S = A' = Rub; No measurable effect; 
tetrabutylammonium chloride . 

S = A' = Rub; No measurable effect; 
tetrabutylammonium chloride. 

S = MB; 0.1 mol L-1 tetraethylammonium 
chloride 

S = RF. H2TPPs4-. or Chl in Triton X-lOO 
micelles; counter ion Na+. 

S = PTSA; soln. contg. 2-9 mol L-1 O2°2' 

S = TPP. MPDEB or PdMP; rneas. !fIox = !fIA' 

S=MPOEE. 

S = TPP, MPDEE or PdMP; meas. CPox = CPA' 
A' = Rub; used PrA' = 1.4 X 10-3 mol L-1; 102* 
from (PhOhP03' 

S = PTSA; soln. contg. 0.5-6 mol L -1 NaOD. 

Ref. 

82Al40 

82Al40 

87A063 

767126 

767126 

767126 

767126 

767126 

89~346 

86F149 

89A506 

80A398 

80A398 

80A398 

80M378 

89A506 

S = A' = Rub; used kd = 3.2 X 104 S-I, kAt = 4 x 767126 
107 L morl S-I; [CH3(CH2)2CH2]4NI. 

S = A' = Rub; used kd = 3.2 X 104 s-I. kA' = 4 x 767126 
107 Lmol-1 S-I; fromLiI. 

S = A' = Rub; used kd = 3.2 X 104 s-l, kA, = 4.x 767126 
107 L morl s-l; dicyclohexano-18-crown-6-
polyether potassium iodide. 

S = A' = Rub; No measurable effect; LiI or KI or 767126 
tetrabutylammonium iodide. 

I DhuO!> I"hAm iClAf noto \/",1 1)4 N", I) 1 001:\ 
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TABLE 14. Rate constants for the interaction of singlet oxygen with inorganic compounds. - Continued 

No. Solvent k ~ (kik) T Method Comment Ref. 
(L mol-I s-I) (mol L-1) (K) 

14.9 Iodide ion - Continued 

D20 8.7 x 105 PULd-2 S =2-AnS. 88A31)~; 

pH=-7 

H2O 8.7 x 105 PULd-2 S =2-AnS. 88A3');'; 
pH=-7 

H2O 8.7 x 106 0.058 CP/Pa-23 S = A' = loAnS; Q = N3-; used kd = 5.0 X 105 S-I; 78Fll<,1 
P = Triiodine ion. 

H2O 7.2 x 106 301 CPlPa-23 S = loAnS; Q = NaN3; used kd = 5.0 x 105 S-I, ko. 77707'1 
= 2.2 x 108 L mol-1 s-l; P = Triiodine ion; from 
KI. 

H2O 7.2 x 106 301 CP/Pa-23 S = 1 ,5-Anthracenedisulfonate ion; Q = NaN3; 77707·1 
used kd = 5.0 x 105 s-l, kQ = 2.2 x 108 L mol-1 

s-l; P = Triiodine ion; from KI. 

H2O 6.4 x 106 301 CP/Pa-23 S 2-AnS; Q = NaN3; used kd = 5.0 X 10:1 S-I, kQ 777074 
= 2.2 x 108 L mol-I S-I; P = Triiodine ion; from 
Kl. 

HlO/MeOH 3.0 x 106 0.11 CP/Pa-23 S = A' = I-AnS: Q N3-: used kd 3.2 x 105 $;-1: nF18:\ 
(60:40) P = Triiodine ion; from Kl. 

H2O/MeOH 3.4 x 105 0.56 CP/Pa-23 S = A' = I-AnS; Q = N3-; used kd = 1.9 x 105 s-l; 78F18::1 
(20:80) P = Triiodine ion; from KI. 

H2O/MeOH 1.5 x 106 0.16 CP/Pa-23 S = A' = loAnS; Q = N3-; used kd = 2.5 x 10:5 S-I; 78F18:\ 
(40:60) P = Triiodine ion; from KI. 

H2OlMeOH 5.6 x 106 0.072 CP/Pa-23 S = A' = loAnS; Q = N3-; used kd = 4.0 x 105 8-1; 78F183 
(80:20) P = Triiodine ion: from KT. 

14.10 Iodine 

C6H6 l.4x 109 PUA/d-8 S = An; A' = DPBF; Quenching is non-linear. 84E291 

14.11 Nitrite ion 

H2O 3.1 x 106 CP/Oc-16 S = Eos; A' = N3-; used kd = 2.5 X 105 S-I; k= 7.4 88F485 
pH = 8.3 x 104 L mol- I sec-1 was also evaluated; k:::: 4.4 X 

104 L mol-1 sec-1 was also quoted [92D0081. 

14.12 Oxygen 

Perfluorodecalin 4.1 x 103 295 PULd-2 S=PHO. 91E427 

n-C6F14 2.6 x 103 295 PULd-2 S=PHO. 91E427 

C6H6 -6 x 104 CP/A'c-? S,= A' = DMA; Reported as unpublished data. 73F659 

CC14 3.9 x 103 295 PULd-2 S=PHO. 91E427 

CS2 1.3 x 104 298 FP/Ld-2 S:::: Per. 82A322 

CICF2CCl2F 3.2 x 103 295 PULd-2 S=PHO. 91EA27 

CICF2CCl2F 9.2 x 102 298 FP/Ld-2 S = Per. 82A322 

CICF2CC12F 2.5 x 103 293 PUA'd-lO A' = DPBF; high pressure 02' 79A113 

CICF2CCl2F 2.7 x 103 PUA/d-lO A' = DPBF; high pressure 02' 747102 

H2O 0.060 CP/A/c-19 S ::;: Ac; A' = Leuco fluorescein. 68F287 
pH =6.2 

H2O 1.9 x 10-3 CP/A'c-19 S = Th+; A'::: Leuco fluorescein. 68F287 

pH=6.2 

H2O 1.2 x 10-3 CP/A'c-19 S = MB; A' = ~ucu lluun::scein. 68F287 

pH:::: 6.2 

H2O 2.2 x 10-3 CP/A'c-19 S = Eos~ A'::: Leuco fluorescein. 68F287 

pH = 6.2 

O2 5.9 x 102 77 PULd-2 Liquid oxygen, direct laser excitation. 82E575 

O2 6.0 x 102 77 PULd-2 Liquid oxygen, direct laser excitation, 1064 nm. 80E616 
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TABLE 14. Rate constants for the interaction of singlet oxygen with inorganic compounds. - Continued 

<f*~~~~ 

~);o, Solvent k ~ (kolk) T Method Comment Ref. 
(L mor l s-I) (mol L -1) (K) 

:l4.12 Oxygen - Continued 

O2 6.0 x 102 77 PULd-2 Liquid oxygen, direct laser excitation, 1060 run; 746110 
k = 1.3 X 103 (17300)°·5 [719112J. 

l4;13 Oxygen-1S 

Perfluorodecalin 60 295 PULd-2 S=PHO. 91E427 

n-C6F14 1 x 102 295 PULd-2 S=PHO. 91E427 

CICF2CCl2F 1 x 102 295 PULd-2 S=PHO. 91E427 

O2 3 77 PULd-2 Liquid oxygen, direct laser excitation. 82E575 

14.14 Superoxide radical anion 

C6H5Bri CH3CN 3.6 x 107 CP/A'c-23 S = A' = Rub; used kd = 3.1 X 104 s-1, kA,=4 x 757578 
(67:33) 107 Lmol-1 s-1; Showed kq» ~ 

tetrabutylammonium superoxide. 

CH3CN 2x 108 PULd-2 S = 2-ACN; KOzI18-crown-6. 91A394 

CH3CN 2 x 108 PULd-2 S = RU(bpyh2+; K02118-crown-6. 91A394 

CH3CN 7 x 109 5 x 10-{i CP/A'c-16 S = RB; A' = DPBF; used kd = 3.3 X 104 s-l; 766072 
tetramethylammonium superoxide. 

DMSO 1.6 x 109 3.3 X 10-5 CP/A/c-16 S = RB; A' = DPBF; used kd = 5.2 X 104 s-l; 766072 
tetramethylammonium superoxide. 
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No. 

15.1 

15.2 

15.3 

15.4 

15.5 

WILKINSON, HELMAN, AND ROSS 

TABLE 15. Rate constants for the interaction of singlet oxygen with oximes, hydrazones, nitrones, nitroso compounds and N-oxides. 

Solvent T Method 
(K) 

Acetaldehyde, (2,6-diphenylpyran-4-ylidene)-, dimethyl hydrazone 

MeOHlC6~ 3.0 x 109 (kr) CPtA'c-l? 
(80:20) 

MeOHlC6H6 2.2 x lOlO (kr) CPtA'c-l? 
(80:20) 

Acetone oxime 

MeOH =::;1.0 x 104 ("-t) CPtA'c-17 

Acetone, (l-methylethyJidene)hydrazone (Acetone azine) 

CC13F 253 CP/Pa-17 

CC14 253 CP/Pa-17 

CCl4 253 CP/Pa-17 

CDCl3 253 CPfPa-17 

CH2C12 253 CP/Pa-17 

CHC13 253 CP/Pa-17 

CHC13 253 CPtPa-17 

Benzaldehyde, 4-diethylamino-, diphenylhydrazone 

MeOHlC6~ 1.8 x 109 CP/P'a-23 
(80:20) 

MeOHlC6~ 8.8 X 108 CP/P'a-23 
(68:32) 

Benzenamine, N-(diphenylmethylene)., N-oxide (Triphenyl nitrone) 

c-C6H12 5 x 106 296 PUA/d-8 

C6~ 3.9 x 107 296 PUA'd-8 

CH3CN 3.3 x 107 296 PUA'd-8 

MeOH 1.0 X 107 296 PUA'd-8 

Comment 

S = RB; A' = 2M2P; used "-tA' = 8.1 X 105 L 
marl s-I; meas. k/k/' = 3.7 X 103• 

S = RB; A' = DPBF; used "-tAl = 6.3 X 108 L 
mol-1 s-l; meas. klk/, = 35. 

S = RB; A' = 2M2B; used "-tA' = 1.3 X 106 L 
mol-I s-I; meas. kI"-t A' = 7.7 X 10-3. 

S TPP; A' ::: 3,4,4,5· Tetramethylpyrazole; 
A' meas. klkr ::: 3.1. 

S::: TPP; A' = 3,4,4,5-Tetramethylpyrazole; 
meas. k/"-t A' ::: 3.2; with 10-4 mol L -1 TPP. 

S = TPP; A' = 3,4,4,5-Tetramethylpyrazole; 
meas. "-t/k/' = 3.8; with 10-6 mol L-1 TPP. 

S::: TPP; A'::: 3,4,4,5-Tetramethylpyrazole; 
A' meas. k/kc ::: 3.2. 

S ::: TPP; A' ::: 3,4,4,5-Tetramethylpyrazole; 
A' meas. kllcr ::: 3.3. 

S ::: TPP; A' ::: 3,4,4,5-Tetramethylpyrazole; 
meas. k/k/' ::: 3.0. 

S::: MB; A' = 3,4,4,5-Tetramethylpyrazole; meas. 
"I',/'! = 3.8. 

S::: RB; A' = 2M2P; used kd::: 1.8 x lOs s-l, kA' = 
8.1 x 105 Lmol-I 8-1. 

S = RB; A' = DPBF; used kd = 1.8 X 105 s-I, kA' = 
6.3 x 108 L mol-I S-I. 

S = ZnTPP; A' = DPBF. 

S = ZnTPP; A' = DPBF. 

S = MB; N = DPBF. 

S = MB; A' = DPBF. 

15.6 Benzenamine, N·fluoren-9-ylidene, N-oxide (phenyl fluorenyl nitrone) 

C6H6 6.2 X 107 296 . PUA/d-8 S = ZnTPP; A' ::: DPBF. 

15.7 Benzenamine, N-[(2.hydroxyphenyl)methyleneh N-oxide (2-Hydroxyphenyl phenyl nitrone) 

C6~ 4.5 x 107 296 PUA'd-8 S = znTPP; A' = DPBfi. 

15.8 Benzenamine, 4.methyl-N-(phenylmethylene)-, N-oxide (4-Methylphenyl phenyl nitrone) 

C6H6 4.3 x 107 296 PUA'd-8 S = ZnTPP; A' = DPBF. 

15.9 Benzenarnine, N-[(4-methylphenyl)methylene]-, N-oxide (phenyI4-metbylphenyl nitrone) 

c-C6H12 2.1 x 107 296 PUA'd-8 S = ZnTPP; A' = DPBF. 

CoHo 5.5 x 107 296 PUA/d-8 S - ZnTPP; A' .... DPBF. 

CH3CN 4.6 x 107 296 PllA'd-8 S = MB; A' = DPBF. 

MeOH 7.7 x 107 296 PUA'd-8 S = MB; A' = DPBF. 

15.10 Benzenamine, N-(phenylmethylene)-, N-oxide (Diphenyl nitrone) 

c-C6H12 8 x 106 296 PUA'd-8 S = ZnTPP; A' = DPBF. 

CJi6 3.7 x 107 296 PUA/d-S S = ZnTPP; A' = DPBF. 

Ref. 

86A438 

86A438 

767197 

79F278 

79F278 

79F278 

79F278 

79F278 

79F278 

79F278 

83A063 

83A063 

91A297 

91A297 

91A297 

91A297 

91A297 

91A297 

91A297 

91A297 

91A297 

91A297 

91A297 

91A297 

91A297 
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TABLE 15. Rate constants for the interaction of singlet oxygen with oximes, hydrazones, nitrones, nitroso compounds and N-oxides. - Continued 

Ni,. Solvent T Method Comment Ref. 
(K) 

J~.JO Benzenamine, N-(phenylmethylene)-, N-oxide (Diphenyl nitrone) - Continued 

CH3CN 3.3 x 107 296 PUA'd-8 S = MB; A' = DPBF. 

S = MB; A' = DPBF. 

91A297 

91A297 MeOH 5.1 x 107 296 PUA'd-8 

J501] Benzenemethanamine, N-hydroxy-N-(phenylniethyl)- (DibenzylhydroxyJamine) 

CCI4 1.2 x 104 2.2 x 10-3 CPIPa-14 S = DCA; used kd = 26 s-l; P = a-Phenyl-N
benzyinitrone. 

92F491 

J~.l2 Benzenmethanamine, N-(phenylmethylene)-, N-oxide (Phenyl benzyl nitrone) 

C6H6 1.4 x 107 296 PUA'd-8 s = ZnTPP; A' = DPBF. 91A297 

t5;13 Benzophenone oximate anion 

MeOH 3.4 x 105 (kr) 

J$.14 Benzophenone oxime 

MeOH 

)S.15 Benzophenone oxime O-methyJ ether 

MeOH 2.0 x 105 (kr) 

15.16 Cyclohexane, 1,4-dichloro-l,4-dinitroso-, (E)-

CH2CI21 MeOH 5.3 x 109 

(69:31) 

IS.17 Cyclohexane, 1,4-dichloro-l,4-dinitroso-, (Z)-

CH2CI21 MeOH 9.2 x 109 

(69:31) 

CH2CI2' MeOH 
(69:31) 

1.2 X 1010 

15.18 2,3-Diazabicyclo[2.2.2]oct-2-ene, 1,4-dichloro-, 2,3-dioxide 

CH2Cl21 MeOH 8.0 x 107 

(69:31) 

15.19 Dimethylglyoxime 

CH2Cl21 MeOH 
(90:10) 

CPI A' c,Pa-I7 S RB; A' = 2M2B; used kr A' = 1.3 x 106 L 
mol-1 S-I; meas. k,lk/, = 0.26; P = 
Benzophenone. 

CP/A'c,Pa-17 S = RB; A' = 2M2B; used kr A' = 1.3 x 106 L 
mor1 S-I; meas. klkr A' = 0.059; P = 
Benzophenone. 

767197 

767197 

CP/A'c,Pa-17 S = RB; A' = 2M2B; used k/' = 1.3 x 106 L 767197 
mol-1 S-I; rneas. klk/' = 0.15; P = 
Benzophenone. 

CRlA'c-32 A' = Rub; used kd = 1.9 X 104 S-I, kA, = 4.0 x 107 76F900 
L rnol-1 s-l; 102* from (PhO)3P03' 

CP/A'c-32 S = ChI a; A' = DPBF; used kd = 2.1 X 104 s-l, kA, 76F900 
= 8 x 108 L moI-1 s-l; Assumed that quenching 

CRlA'c-32 

CRlA'c-32 

PUA'd-5 

. is due to equilibrium mixture of this species with 
1,4-dichloro-2,3-diazabicyclo[2.2.2]oct-2-ene 
2,3-dioxide. 

A' = Rub; used kd = 2.1 X 104 s-I, kA, = 4.0 X 107 76F900 
L mol-1 

S-I; 102* from (PhOhP03; Assumed 
that quenching is due to this species in 
equilibrium with 1,4-dichloro-2,3-
diazabicyclo[2.2.2]oct-2-ene 2,3-dioxide. 

A'=Rub; usedkd=2.1 x 104 S-I, kA,= 4.0 x 107 76F900 
Lmol-1 s-I; 102* from (PhOhP03; Assumed 
that quenching is due to this species only. 

S = MB; A' = DPBF. 87F655 

15.20 3,7,4,6·Ethanediylidenepentaleno[1,6-cd]pyridazine, 3,7a-dichloro·3a,4,5,5a,6,7,7a,7b-octahydroo, 1,2-dioxide 

CH2C121 MeOH <2 x 106 CRlA'c-32 A' = Rub; used kd = 2.1 X 104 s-l, kA, = 4.0 X 107 76F900 
(69:31) Lmol-1 s-I; 102* from (PhOhP03' 

15.21 Ethylamine, N-ethoxy-

n-C6H 14 3 x 104 CP/A'c-16 S = A' = Rub; kd not given. 87F639 

CH3CN 8 x 105 CP/A'c-16 S = RB; A' = DMA; used kd = 3.3 X 104 s-l. 87F639 

15.22 Ethylamine, N-ethyl-N-ethoxy-

n-C6H 14 6 x 105 CP/A'c-16 S = A' = Rub; kd not given. 87F639 
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TABLE 15. Rate constants for the interaction of singlet oxygen with oximes, hydrazones, nitrones, nitroso compounds and N-oxides. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(L mo}-I s-I) (mol L-I) (K) 

15.22 Ethylamine, N-ethyl-N-ethoxy- - Continued 

CH3CN 2.1 x 106 CP/A'c-16 S = RB; A' = DMA; used kd = 3.3 X 104 s-I. 87F6:W 

15.23 Ethylamine, N-ethyl-N-hydroxy-

n-C6H 14 2.5 x 107 CP/A'c-16 S = A' = Rub; kd not given. 87F6J1) 

C6H6 2.7 X 107 CP/A'c-16 S = A' = Rub; used kd = 4.2 X 104 s-I. 87F639 

CH3CN 1.8 x 107 CP/A'c-16 S = RB; A' = DMA; used kd = 3.3 X 104 s-I. 87F639 

CH3COCH3 2.5 x 107 CP/A'c-16 S = RB; A' = DMA; u~ed kd = 3.8 X 104 s-l. 87F639 

CHC13 1.2 x 107 CP/A'c-16 S = RB; A' = DMA; kd not given. 87F639 

D20 <105 CPILI-12 S = RB; used kd == 1.8 X 104 
s-1. 93D154 

HCONH2 1.0 x 107 CP/A'c-16 S == RB; A' == DMA; kd not given. 87F639 

MeOH 3 x 106 CP/A'c-16 S == RB; A' = DMA; used kd = 2.0 X 104
5-1• 87F639 

15.24 Ethylamine, N-ethyl-N-hydroxy-, conjugate acid 

D20 <5 x 103 CPILI-12 S = RB; used kd = 1.8 X 104 s-l. 93D154 
pH=8.5 

15.25 Isoindole, 1,1,3-triphenyl-, 2-oxide 

C6~ 8 x 106 296 PUA'd-8 S = ZnTPP; A' = DPBF. 91A297 

15.26 Nitroxide, bis[ 4-(I,I-dimethylethyl)phenyl]-

C6HsCH3 1.6 x 107 293 PULd-2 S = An and PP; Ea = 1.0 kJ morl
; 10g(A) = 7.4. 86E108 

CH3CN 1.7 x 107 293 PULd-2 S=AnandPP. 86E108 

CH3CN/MeOH 7.5 x 106 PULd-2 S=HP. 92F402 
(96:4) 

15.27 Nitroxide, bis[4-(l-methyl-l-phenylethyl)phenyl]-

C6HSCH3 2.5 x 106 293 PULd-2 S = An and PP; Ea = 5.0 kJ mol-I; 10g(A) = 7.3. 86EI08 

15.28 Piperidin-l-ol, 2,2,6,6-tetramethyl- (TEMPOH) 

CH2C12 1.5 x 108 CP/A'c-18 S = A' = Rub; used kd = 7.3 X 103 s-1, kA' = 7 x 
107 L mol-I s-I. 

88F059 

15.29 l-Piperidinyloxy,4-amino-2,2,6,6-tetramethyl-

C6HdMeOH 8.:; x lOs PUA'd-8 S -- MB; A' = DPBF. 84A167 

(80:20) 

15.30 l-Piperidinyloxy, 4-azido.2,2,6,6-tetramethyl-

CH3CN/MeOH 8.3 x 10(1 PllLd-2 S==HP. 92F402 

(96:4) 

15.31 l-Piperidinyloxy, 4-hydroxy-4-(2-naphthyl)-2,2,6,6-tetramethyl-, 

CHC13 1.0 x lOs 293 PULd-2 S = An and PP; Ea = 7.5 kJ mol-I; 10g(A) = 6.3. 86EI08 

15.32 l-Piperidinyloxy, 4-hydroxy-4-(2-phenylethynyl)-2,2,6,6-tetramethyl-

CHCl3 7.5 x 104 293 PULd-2 S = An and PP; Ea = 1.3 kJ mol-I; 10g(A) = 5.1. 86E108 

EtOH 1.7 x lOs 293 PULd-2 S=Anand PP. 86E108 

15.33 l-Piperidinyloxy, 4-hydroxy-2,2,6,6-tetramethyl- (TEMPOL) 

C6HSCH3 1.6 x lOs 293 PULd-2 S == An and PP; Ea = 5.4 kJ mol-I; 10g(A) == 6.2. 86EI08 

CC14 9.8 x 104 PULd-2 S=TPP. 93E090 

CH2C12 9.5 x 104 PULd-2 S==TPP. 93E090 

CH3CN 1.4 x lOs 293 PULd-2 S =An and PP. 86EI08 

CHC13 1.2 x 106 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104 s-I, kA, == 5.3 x 88P313 
107 L morl s-I. 

CHCl3 1.1 X 105 293 PULd-2 S==An and PP. 86EI08 
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TABLE 15. Rate constants for the interaction of singlet oxygen with oximes, hydrazones, nitrones, nitroso compounds and N-oxides. - Continued 

Solvent T Method 
(K) 

.H.33 l-Piperidinyloxy, 4-hydroxy-2,2,6,6-tetramethyl- (TEMPOL) - Continued 

EtOH 1.2 x lOs 293 PULd-2 

t 5~14 l-Piperidinyloxy, 4-hydroxy-2,2,6,6-tetramethyl-, benzoate 

CHC13 1.4 x 106 CP/A'c-33 

15.35 l-Piperidinyloxy, 4-hydroxy-2,2,6,6-tetramethyl-, butyrate 

CHC13 1.1 x 106 CP/A'c-33 

15.36 l-Piperidinyloxy, 4-hydroxy-2,2,6,6-tetramethyl-, crotonate 

CHCl3 1.6 x 106 CP/A/c-33 

15.37 l-Piperidinyloxy, 4-hydroxy-2,2,6,6-tetramethyl-, diester with 1,lO-decanedioic acid 

CHCl3 3.1 x 106 CP/A'c-33 

1S.38, l-Piperidinyloxy, 4-hydroxy-2,2,6,6-tetrametbyl-, diester with 1,6-hexanedioic acid 

CHe13 3.1 x 106 CP/A/c-33 

J5.39 l-Piperidinyloxy, 4-hydroxy-2,2,6,6-tetramethyl-, diester with terepbthalic acid 

CHCl3 3.4 x 106 CP/A/c-33 

,15.40 l-Piperidinyloxy, 4-bydroxy-2,2,6,6-tetramethyl-, methacrylate 

CHC13 1.7 x 106 

15.41 1-PipeddinyloJli:y, 4-hydroJli:y-Z,z,6,6-tdramethyl-, pentanoate 

CHCl3 1. 7 X 106 

J5.42 l-Piperidinyloxy,4-1oclo-2,2,6,cs-tetramethyl-

CH3CNI MeOH 3.7 x lOs 
(96:4) 

15.43 l-Piperidinyloxy, 2,2,6,6-tetrametbyl· (TEMpo) 

C6liU MeOH <1.0 x lOs 
(80:20) 

C6HSCH3 5.5 ",,105 

CC14 1.4 X lOS 

CH2C12 1.6 X lOS 

CH2C12 2.8 X 106 

CH3CN 4.3 x lOS 

EtOIl 2.5 x 105 

15.44 4.Piperidone,2,2,6,6-tetrametbyl.l-oxyl- (TAN) 

C6HsCH3 1.2 x 106 

CC14 

CH2Cl2 

CH3CN 

EtOH 

MeOHlC6H6 
(67:33) 

6.2 x lOS 

6.3 x lOS 

1.3 X 106 

1.3 X 106 

3.4 X lO-s' 

293 

293 

293 

293 

293 

293 

298 

CP/A'c-33 

CP/A'c-33 

PULd-2 

PUA'd-8 

PULd-2 

PULd-2 

PULd-2 

CP/A'c-18 

PULd-2 

PllLd-z 

PULd-2 

PULd-2 

PULd-2 

PULd-2 

PULd-2 

CR/A'c-17 

Comment Ref. 

S=Anand PP. 86EI08 

S = A' = Rub; used kd = 1.7 X 104 S-I, kA' = 5.3 x 88P313 
107 L morl s-I. 

S = A' = Rub: used kd = 1.7 X 104 S-I, kA' = 5.3 x 88P313 
107 Lmor1 S-1. 

S = A' = Rub; used kd = 1.7 X lO4 5-1, kA' = 5.3 x 88P313 
107 Lmol-1 S-I. 

S = A' = Rub; used kd = 1.7 x 104 8-1, kA' = 5.3 x 
107 L mol-1 5-1• 

S = A' = Rub; used kd = 1.7 X 104 s-l. kA' = 5.3 X 

107 L mol-1 S-I. 

S = A' = Rub; used kd = 1.7 X 104 s-I. kA' = 5.3 X 

107 L mol-I s-I. 

88P313 

88P313 

88P313 

S = A' = Rub; used kd = 1.7 X 104 s-l, kA' = 5.3 x 88P313 
107 Lmor1 5-1. 

S = A' = Rub; used kd = 1.7 X 104 
S-I, kA' = 5.3 x 88P313 

107 L mol-I s-l. 

S=HP. 92F402 

S = MB; A' = DPBF. 84A167 

S - An and PP; Ea -- 8.4 kJ morl; log(A);;;;o 7.2. 86nJ08 

S=TPP. 93E090 

S=TPP. 93E090 

S = A' = Rub; usea "d = 7.3 X 103 s-t, "A' = 7 x SSFO:59 
107 Lmorl 8-1• 

S=AnandPP. 86E108 

S - An and PP. 86EI08 

S = An and PP; Ea = 6.7 kJ mol-I; log(A) = 7.3. 86E108 

S=TPP. 93E090 

S=TPP. 93E090 

S=AnandPP. 86E108 

S=An and PP. 86E108 

A' = Rub; used ~A' = 1.4 X 10-3 mol L-1; 102* 80M378 

from (PhOhP03' 

J. Phvs. Chern. Ref. Data, Vol. 24, No.2, 1995 
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TABLE 15. Rate constants for the interaction of singlet oxygen with oximes, hydrazones, nitrones, nitroso compounds and N-oxides. - Continued 

No. Solvent T Method Comment Ref. 
(K) 

15.45 2-Propanamine, 2-methyl-N-(I-methyl-4-pyridylmethylene)-, N-oxyl 

H20 8.0 x 107 CP/Ac-23 S = MB; Q = N3-; used kd = 5 X lOs s-I, /co. = 1.5 80A339 
x 109 L morl S-I. 

15.46 2-Propanamine, 2-methyl-N-phenylmethylene-, N-oxyl (phenyl N-terl-butyl nitrone, PBN) 

C6HsCH3 9.0 x 106 293 PUA'd-8 S = PP; A' = DPBF; Ea = 0.4 ± 0.4 kJ mol-I; 88F462 
studied at 223-293 K. 

C6HSCH3 9.0 x 106 293 PULd-2 S = PP; Ea = 0.4 ± 0.4 kJ mol-I; studied at 86A307 
223-293 K. 

C6HSCH3 ::;;1 x lOs (kr) 293 CP/A'c-17 S = PP; A' = Tetr; used kr A' = 1.2 X 107 L mol-I 86A307 
-1 88F462 s . 

C6H6 8.3 x 106 293 PUA'd-8 S = PP; A' = DPBF. 84A247 
85F538 

CIiH/\ 1.4 x 105 (kr) 293 CUAc,A'c-17 S = PP; A' = Tetr; used kr A' = 1.2 x 107 L morl 84A247 
S-l; meas. klk/' = 0.011. 85F538 

CH3CN 1.8 x 107 293 PUA'd-8 S = PP; A' = DPBF. 88F462 

CH3CN 1.8 x 107 293 PULd-2 S=PP. 86A307 

CH3CN ::;;1 x 105 (kr) 293 CP/A'c-17 S = PP; A' = Tetr; used kr
A' = 1.2 X 107 L mol-l 86A307 

-I s . 

CHCl3 4.4 x 106 293 PUA'd-8 S = PP; A' = DPBF. 88F462 

CHCl3 4.4 x 106 293 PULd-2 S=PP. 86A307 

CHC13 ::;;1 x 105 (kr) 293 CPtA'c-17 S = PP; A' = Tetr; used kr A' = 1.2 X 107 L mol-1 86A307 
-I s . 

H2O 1.4 X 108 CP/Ac-23 S = MB; Q = N3'; used kd = 5 X 105 s-l, /co. = 1.5 80A339 
x 109 Lmol-1 s-l. 

15.47 2-Propanamine, 2-methyl-N-(4-pyridylmethylene)-, N~-dioxyl- (4-POBN) 

H20 1.2 x 108 CP/Ac-23 S = MB; Q = N3-; used kd = 5 X 105 S-I, /co. = 1.5 80A339 
x 109 L mol-1 S-I. 

15.48 2-Propanamine, 2-methyl-N-(4·pyridylmethyleneh N·oxyl (4-PyBN) 

H20 1.4 x 108 CPI Ac-23 S = MB; Q = N3-; used kd = 5 x 105 s-I, /co. = 1.5 80A339 
x 109 L mol-I S-I. 

15.49 2-Propanamine, 2-methyl-N-(2-sulfonatophenyl)methylene-, N-oxyl (2-SSPB) 

H20 9.4 x 107 CP/Ac-23 S = MB; Q = N3'; used kd = 5 x lOs S-I, /co. = 1.5 80A339 
x 109 L mol-1 S-I. 

15.50 Propane.2-methyl-2-nitroso· 

CH2Cl21 MeOH 9.3 x 109 CRlA'c-32 A' = Rub; used kd = 1.1 x 104 s-I, kA, = 4.0 x 107 76F900 
(94:6) Lmol-I S-I; 102* from (PhOhP03' 

15.51 Pyrrole, 3,4.dihydro-2,2,..~.trimethyl-. I-oxide 

CHCI3 5 x 107 CP/A'c-16 S = MB; A' = DPBF; kd not given; k = kq (No 75F653 
reaction observed). 

15.52 Pyrrole, 3,4-dihydro-3,5,5.trimethyl-, I-oxide 

CHC13 2.1 x 107 CP/A'c-16 S = MB; A' = DPBF; kd not given. 75F653 

15.53 I-Pyrrolidinyloxy,3-cyano-2,2,5,5-tetramethyl.4.nitro· 

CH3CN/MeOH 1.7 x 105 PULd-2 S=HP. 92F402 

(96:4) 

15.54 1.Pyrrolidinyloxy, 2,5-di-(4-hydroxy-3-nitrophenyl)·2,5-dimethyl-

CH3CN/MeOH 3.1 x 105 PULd-2 S=HP. 92F402 

(96:4) 
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TABLE 15. Rate constants for the interaction of singlet oxygen with oxirnes, hydrazones, nitrones, nitroso compounds and N-oxides. - Continued 

. Solvent T Method Comment Ref. 
(K) 

"~ !~S I-Pyrrolidinyloxy, 2-( 4-ftuoro-3-nitrophenyl)-2,5,5-trimethyl-

CH3CNI MeOH 1.7 x 105 PULd-2 S == HP. 92F402 
(96:4) 

··J~.S6 I-Pyrrolinyl-l-oxy,5,5-dimethyl-

H20 1.8 x 107 CP/Ac-23 S == MB; Q == N3"; used kd == 5 X 105 s-1, kQ == 1.5 80A339 
x 109 L morl s-l. . 

J. Phys. Chem. Ref. Data, Vol. 24, No.2, 1995 
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No. 

16.1 

16.2 

16.3 

16.4 

16.5 

16.6 

WILKINSON, HELMAN, AND ROSS 

TABLE 16. Rate constants forthe interaction of singlet oxygen with some compounds of biological interest. 

Solvent k ~ (kik) 
(L mol-1 8-1) (mol L-1) 

Adenosine 

D20 <2 x 105 
pH=-7 

H2O ~1 x 106 

pH::: 7.1 

Adenosine 5/-monophosphate 

D20 4.3 x 104 

pH =-7 

Adenosine triphosphate 

D20 4x 104 

4-Androsten-3-one.17 -hydroxy-4-methyl-

>2 x 102 

Androst-,5-en-17-one, 3-(acetyloxy)- (3~) 

C6H&,CsHsN 6.3 
(91:9) 

Ascorbate ion 

CsHsN 1.1 x 107 

CsHsN 8.4 x 106 

CsHsN 7 x 107 

CD30D 1.5 x lOll 

CH3COCH3 9x 105 

D20 1.6 X 108 

pH=-7 

D20 4 x 107 

D20 2.5 X 106 

pD=7.2 

H2O 8.3 x 106 

pH=6.8 

MeOH 0.012 

T Method 
(K) 

293 PULd-2 

298 CP/Oc-19 

293 PULd-2 

PULd-2 

CP/Ac-18 

293 CP/Oc-14 

303 CRlA'c-23 

303 CP/A'c-23 

PULd-2 

293 PULd-2 

PULd-2 

293 PULd-2 

PULd-2 

CP/LI-12 

CPILI-12 

293 CP/Oc-15 

Corrunent 

S = H2TPPs4-; No reaction at [A] = 2 x 10-2 mol 
L-1• 

S = Phenosafranine; No measurable effect. 

S = RF, H2TPPst-, or ChI in Triton X-1OO 
micelles. 

S Poly-RB or RB or MB; A' = Linalool; used 
~ A' = 0.18 mol L-1

; solvent is CH2Cl2 or MeOH 
orC6H6• 

S=HP. 

A' = DMA; used kd = 3.1 X 104 8-1, kA' = 2.1 x 
107 Lmorl S-I; 102* fromMNP02• 

S = TPP; A' = DMA; used kd = 3.1 X 104 S-I, kA' 
= 2.1 x 107 L mol-1 s-l. 

S = TPP, MPDEE or PdMP. 

S=HP. 

S = TPP, MPDEE or PdMP. 

S = H2 TPPs4'. 

S = RF, water-sol. TPP derivs., or ChI a in 
micelles contg. Triton X-100; counter ion Na+. 

S = Chrysenesulfonate ion; used kd = 1.8 x 104 

s-l. 

S = Chrysenesulfonate ion; used kd = 2.6 X 105 
s-I. 

S = RB; Ea = 6.3 kJ mol-I. 

Ref. 

86Al9X 

78A36() 

86A19H 

86F149 

80F}1) 

57FOO8 

83F407 

83F407 

80A398 

90F411 

80A398 

86A198 

86F149 

83A205 

83A205 

68F288 

16.7 Azirino[Z',3' :3,4]pyrrolo(1,2-a ]indole-4,7 -dione, 6-arnino-S.[[ (aminocarbonyJ)oxy ]methyl]-I,la,2,S,Sa,8b-hexahydro-8a-methoxy-5-methyl
(Mitomycin C) 

H20 8.9 X 109 297 CP/Ac-14 S = RF; used kd = 5.0 x 105 s-l. 79F816 

16.8 Benzo[e]naphtho[Z',3':5,6]ftuoreno[I,9ab]oxepin·S,10,19-trione, 5c,S,Sa,16.tetrahydro.l,8,1l,15,lS-pentahydroxy.13-methyl- (Rubellin A) 

CD30D ~8 x 106 CP/Ll-12 S = RB; used k(l == 4.2 x 103 8-1• 92F063 

16.9 Benzo[ghi]perylene-4,11-dione, l-acety).1,2.dihydro.5,1 O-dihydroxy-2-(I-hydroxyethyl)-3,7 ,8,IZ.tetrarnetboxy- (Elsinochrome B) 

CD30D $5.5 x 106 CP/LI-12 S = RB; used kd = 4.2 X 103 s-I. 

16.10 Benzo[ghi]perylene-4,1l.dione, 1,2.diacetyl-l,2.dihydro-S,10-dihydroxy-3,7 ,S,IZ-tetramethoxy-, trans- (Elsinochrome A) 

CD30D ~5x106 CP/LI·12 S=RB;usedkd =4.2x103 s-1
. 

16.11 Benzopyran-6-o1, 3,4-dihydroo Z,5,7,S.tetramethyl.Z-(4,8,12.trimethyltridecyI)., acetate (a-Tocopberyl acetate) 

CsHsN ~1.6 x 106 CP/A'c·23 S = A' = Rub; used kd = 6.0 X 104 
S-I, kA, = 4 X 

107 L mol-1 S-I. 

92F063 

92F063 

743112 
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TABLE 16. Rate constants for the interaction of singlet oxygen with some compounds of biological interest. - Continued 

~~: .. -: 
;~o, Solvent k ~(kik) T Method Comment Ref. 

(L mol-I s-l) (mol L-1) (K) 

)1..12 1,4-Benzoquinone 

C6HJEtOH 1.6 x 107 CP/A'c-19 S = RB; A' = Chl a; used kd = 1 x lOs s-l. 78F404 
(67:33) 

EtOH 3.4 x 107 CP/A'c-19 S = RB; A' = ChI a; used kd = 1 x lOs s-l. 78F404 

16.13 1,4-Benzoquinone, methyl-

C6HSCH3 «104 PULd-2 S=TPP. 93Y025 

".14 Cholesterol 

CsHsN 0.89 293 CP/Oc-14 S=HP. 57FOO8 

C6D6 5.7 x 104 PULd-2 S=TPP. 89A331 

MeOHl H20 (95:5) 2.5 x 108 310 CRlLI-12 used kd = 1.8 X 105 s-l; soln. cont. 0.05 mol L-1 

MeONa and 5 x 10-4 mol L-1 CoCI2• 102* from 
92M228 

autoxidation of oxytetracycline. 

16.15 Cholesteryl benzoate 

C6HJCsHsN 4.0 293 CP/Oc-14 S=HP. 57FOO8 
(91:9) 

16.16 Cobrynic acid, bis( cyano)-7 -de( carboxymethyl)-7,8-didehydro-, hexamethyl ester 

C6D6 8 x 106 293 CP/Ac-14 S = A; kd not given. 83F222 

CHCl3 5 x 106 293 CP/Ac-14 S = A; kd not given. 83F222 

MeOH 6x 106 293 CP/Ac-14 S = A; used kd = 1 X 105 s-I, 83F222 

l6.17 Coenzyme A 

CHCl3/EtOH 8.9 x 107 310 CRlLI,Ac- used kd = 1 X 105 S-I; 102* from NDP02• 90E622 
(50:50) 1.2 x 106 (kr) 12,14 

l6.18 Cytidine 

H2O ~1 X 106 298 CP/Oc-19 S ... Phcnosafraninc; No m~urable effect. 78A360 
pH = 7.1 

16.19 Cytidine 5'-monophosphate 

°2° 2.8 x 104 293 PULd-2 . S = H 2TPPst-. 86A198 
pH=-7 

.6.20 Cytosine 

U2U <8 x 104 293 PULd-2 S = H2TPP~; No reaction at fA) = 5 x 10-2 mol 86A198 
pH=--7 L-1. 

DMSO/H2O 6.8 X 104 298 CP/A'c-16 S= MB; A' = DPBF; used kd = 1.2 x 105 s-l. 86R210 
(75:25) 

16.21 2' -Deoxyadenosine 5'-monophosphate 

H2O <105 PULd-2 S=RB. 87A043 
pH = 7.0, 10.5 

D20 7.5 x 104 293 PULd-2 S = H2 TPPg4-. 86A198 
pH=-1 

16.22 2' -D~oxycytidin~-5'-monophospha~~ 

H2O <105 PULd-2 S=RB. 87A043 
pH = 7.0,10.5 

16.2.3 2'·Deoxyguanoslne ~··monophosphate 

D20 5 X 106 293 PULd-2 S = H2 TPPg4-. 86A198 
pH =-7 

H2O PllLd 2 S=RB. S7A043 
pH =7.0 5.3 x 106 

pH = 10.5 5.7 x 10' 

J. Phvs. Chern. Ref. Data, Vol. 24, No.2, 1995 
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TABLE 16. Rate constants for the interaction of singlet oxygen with some compounds of biological interest. - Continued 

No. Solvent 

16.24 Deoxyribonucleic acid (DNA) 

D20 
pH=7 

H20 
pH=7.0 
pH= 10.5 

16.25 3'-Deoxythymidine 5'-monophosphate 

D20 1.4 X 105 
pH=-7 

16.26 Ergosterol 

CsHsN 

C6H6 

16.1,7 ~rgosterol acetate 

CHC13 2.7 X 107 

4.5 X 10-3 

16.28 1,3,5(10),8-Estratetraen.17.one,3-methoxy· 

MeOH 1.6 x 107 (kr) 9.2 x 10-3 (~r) 

16.29 1.3.5(0).901). Estratetraen-17 -one. 3.(acety)oxy)· 

MeOH 5.5 x 105 (kr) 

16.30 1,3,5(lO),9(ll)-Estratetraen-17 -one, 3-(benzoyloxy)-

MeOH 7.5 x 105 (kr) 

16.31 1,3,5(IO),9(1l)-Estratetraen.17.one,3-hydroxy-

MeOH 6.8 x 106 (kr) 

16.32 1,3,5(10),9(1l)-Estratetraen-17-one,3-methoxy. 

T Method 
(K) 

PULd-2 

PULd-2 

293 PULd-2 

293 CP/Oc-14 

PULd-2 

CP/A'c-33 

CP/Ac-14 

273 CPI Ac-17 

273 CPI Ac-17 

273 CPI Ac-17 

MeOH 4.3 x 106 (kc) 0.033 (~r) 273 CP/Ac-14 

16.33 1,3,5(10),9(11).Estratetraen.17 ·one, 3.(to)uenesulfonyloxy)-

MeOH 2.7 x 105 (kr) 273 CP/Ac-17 

16.34 Glucose 

D20 1.4 X 104 PULd-2 

1.'-~5 Guanine 

DMSO/H2O 5.0 x 105 298 CP/A/c-16 
(75:25) 

16.36 Guanosine 

D20 310 CRlLI-12 
pD=7.4 

H2O 298 CP/Oc-19 
pH:: 7.1 

H2O/MeOH PUA'd-5 
(50:50) 

Comment 

S = AICl(tspc). 

S=RB. 

S=HP. 

S =TPP. 

Ref. 

89R092 

87A043 

86A198 

57FOO8 

87E055 

S = A' = Rub; used kd = 1.7 x 104 S-I, kA, = 5.3 x 81F445 
107 L mol-I s-l. 

S = RB; A' = 3-Methoxy-l,3,5(10),9(11)
estratetmen-17 -one; used k/ = 4.3 x 106 L 
mol-1 S-I; meas. klk/' = 0.13. 

S = RB; A' = 3-Methoxy-l ,3,5(10),9(11)
estratetraen-17-one; used kr

A' = 4.3 x 106 L 
mol-l s-l; meas. klk/ = 0.17. 

S:: RB; A':: 3-Methoxy-l,3,5(10),9(11)
estratetraen-17-one; used k/' :: 4.3 X 106 L 
mol-1 s-l; meas. k/kcA' 1.6. 

S = RB; A' = 3-Methoxy-l,3,5(1 0),9(11)
estratetraen-17-one; used k/ = 4.3 x 106 L 
mol-l S-I; meas. klkcA' = 0.06. 

S = RF, water-sol. TPP derivs., or ChI a in 
micelles contg. Triton X-IOO. 

S = MB; A' = DPBF; used kd = 1.2 x 105 s-1, kA, 

= 6.9 x 108 L mol-l s-l. 

used kd = 1.9 X 104 s-'; 102* from NDP02• 

S :: Phenosafranine; No measurable effect. 

S = MB; A' = DPBF. 

91F405 

89A202 

89A202 

89A202 

89A202 

89A202 

86F149 

86R21O 

91R127 

78A360 

72F516 



RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION 907 

TABLE 16. Rate constants for the interaction of singlet oxygen with some compounds of biological interest. - Continued 

·,··..:~C::;"""yi>'~.~=============================================== 

:AlIi\ Solvent 

;H,..11 Guanosine, 2' -deoxy

D20 
pD = 7,4 

Dl 0 
pH =':"7 

H20 
pH=lO 

5.2 X 106 

1ft_;'''' Guanosine 5/-monopbospbate 

DzO 5 x 106 

pH=-7 

• T Method 
(K) 

310 CRlLI-12 

293 PULd-2 

CP/A'c-17 

293 PULd-2 

Comment 

S - HzTPPs4-. 

S = MB; A' = BHMF; meas. k/k/ = 0.4; 
sensitizer is irrunobilized on glass beads. 

S = H2 TPP,s4- . 

Ref. 

91R127 

86A198 

83F166 

86A198 

J~,;ll) Imidazo[l,2-a ]pyrazin-3-one, 4-metbyl.6-[ 4-[2-[3-carboxy-4-( 6-bydroxy-3-xantbenon-9-yl)phenylthiocarbamyletboxy ]phenyl]- (FCLA) 

H20 8.0 x 107 CULI-12 S = RB; used kd = 2.4 x lOs s-l. 90F502 
pH =7.1 

:J"AO Imidazo[1,.2-a]pyrazin.3.one, 2-metbyl-6-(4-methoxyphenyl)- (MCLA) 

H20 2.9 x 109 CULI-12 
pH= 5,4 

,'1:1>.41 Imidazo[l,2-a]pyrazin.3-one, 2-methyl-6-pbenyl- (CLA) 

H20 6.3 x 108 CULI-12 
pH =7.1 

S = RB; used kd = 2.4 X 105 s-l. 

91E570 
89E798 

90F502 

Jtl.42 Inosine diphosphate, ester with 1,4-dihydro-l'~-D.ribofuranosyl-3-pyridinecarboxamide 

CH3CNI D20 1.6 x lOs PUA'd-5 S = 2-ACN; A' = DPBF. 81A191 
(80:20) 

CH3CN/D20 
(20:80) 

8.8 X 107 (k,) 
7.9 X 107 (kq) 

PUA'd-5 S = 2-ACN; A' = DPBF; "-r calcd. from kA; 56 ± 81A191 
11 % electron transfer giving O2-, detd. from 
buildup of radical anion in soln. contg. (2-20) x 
10-5 mol L-1 1,4-benzoquinone. 

J6,43 Methyl stearate 

CsHsN CP/Ac,A'c-17 S::: PP; A' = Cholesterol; No measurable effect. 743115 

t l),44 1,4-Naphtboquinone, 2-methyl· 

EtOH 2.4 x 106 CP/A'c-19 S::: RB; A' = ChI a; used kd::: 1 X 105 s-l. 78F404 

16.45 1,8-Naphthyridine-3-carboxylic acid, 1,4-dihydro-l-ethyl-7-methyl-4-oxo- (Nalidixic acid) 

DzO -2.5 x 108 PULd-12 S::: A; used kd = 3 X 104 s-l; estd. from increased 88R070 
pH = 4.4 lifetime on decreasing conen.· 

16A6 1,8-Naphthyridine-3-carboxylic acid, 1,4-dihydro-l-ethyl-7-methyl-4-oxo-, anion (Nalidixic acid anioo) 

D20 -1 x 108 PULd-12 S = A; used kd = 3 X 104 5-1; estd. from increased 88R070 
pH = 8.9 lifetime on decreasing concn. 

16.47 Nicotinamide adenine dinucleotide 

16A8 Nicotinamide adenine dinucleotide, reduced 

CH3CN/MeOH 7.5 x 107 

(75:25) 

CH3CN/D20 
(20:80) 

4.3 X 107 (kr) 

3.6 x 107 (kq) 

PlJLd-2 

PUA'd-5 

PUA'd-5 

S ::: RF, water-sol. TPP derivs., or ChI a in 
micelles contg. Triton X-I 00. 

:s = 2-ACN; A' = DPHF. 

S::: 2-ACN; A' = DPBF. 

86F149 

!:IURU72 
81A191 

81A191 

S::: 2-ACN; A'::: DPBF; kr calcd. from kA ; 54.5 ± 81A191 
15% electron transfer giving O2-, detd. from 
buildup of radical anion in soln. contg. (2-20) x 
10-5 mol L-1 lA-benzoquinone. 

I Dh,,~ ~hom Raf n~t~_ Vol. 24. No.2. 1995 
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TABLE 16. Rate constants for the interaction of singlet oxygen with some compounds of biological interest. - Continued 

No. Solvent 

16.48 Nicotinamide adenine dinucleotide, reduced - Continued 

D20 2 x 107 

7.9 X 107 

16.49 Nicotinamide adenine dinucleotide phosphate 

D20 2x 105 

16.50 Nicotinamide-adenine dinucleotide phosphate, reduced 

CHJCNI D20 1.3 x 108 

(80:20) 

T Method 
(K) 

PULd-2 

PUA'd-5 

CP/Oc-19 

PULd-2 

PUA/d-5 

Comment 

S = RF, water-sol. TPP derivs., or ChI a in 
micelles contg. Triton X-IOO. 

S = 2-ACN; A' = DPBF; 0.1 mol L-1 SDS. 

S = RF, H2TPPs4-, or ChI in Triton X-lOO 
micelles. 

s = 2-ACN; A' = nPRF. 

Ref. 

80ROT} 
81AFJ\ 

81A42:1 

86F14') 

&IA191 

CH3CN/D20 
(20:80) 

8.4 X 107 (kr) 

5.0 x 107 (kq) 
PUA'd-5 S = 2-ACN; At = DPBF; kr calcd. from kA ; 63 ± 81A191 

9% electron transfer giving O2-, detd. from 

16.51 Nicotinamide mononucleotide, reduced 

CH3CNI D20 8.0.x; 10' 
(80:20) 

16.52 Ommochrome 

D2U 

pD = 7.5-8.1 

PUA'd-~ 

PULd-2 

uuj]dup of HUJh.:al <tuiun in ~ulu. L:uutg. (2-20) x 
10-5 mol L-1 lA-benzoquinone. 

s = 2-ACN; A' = DPBF. 

s = ?; rate is per monomer unit of MW = 600; 
omrnochromes extracted from shrimp eyes 
contain pigments of the ornmin group, e.g. 
phenothiazine-phenoxazine structures with 3-
amino-3-carboxy~ l-oxopropyI side chains. 

16.53 3,1 O-Perylenedione, 4,9-dihydroxy-l,12-his(2-hydroxypropyJ)-2,6, 7,II-tetramethoxy- (phJeichrome) 

CD30D ::;;6 x 106 CP/LI-12 S = RB; used kd = 4.2 X 103 s-l. 

16.54 Pery lo[1,12-dej]-I,3-dioxepin-5,11-dione, 6-amino-12-hydroxy-8,9-bis(2-hydroxypropyl)-7,1 O-dimethoxy- (Aminocercosporin) 

CD30D ::;;3 x 106 CP/LI-12 S = RB; used kd = 4.2 X 103 s-l. 

16.55 Perylo[1,12-dej]-I,3-dioxepin-5,11-dione, 6,12-dihydroxy-8,9-bis(2-hydroxypropyl)-7 ,10-dimethoxy~ (Cercosporin) 

CD30D 3.5 x 106 CP/LI-12 S = RB; used kd = 4.2 X 103 S-I. 

16.56 Perylo[1,12-dej]-1,3-dioxepin-S,12 -dione, 6,11-diamino-8,9-his(2-hydroxypropyl)-7,1 O-dimethoxy-

CD30D 3.6 x 106 CP/LI-I2 S = RB; used kd = 4.2 x 103 s-l. 

16.57 Perylo[1,12-defJ-l,3-dioxepin-6,11-dione, 8,9-bis(2-hydroxypropyl)·5,7,10,12-tetramethoxy-

CPILI12 S ... RB; used ka'" 4.2 x 103 3-1• 

16.58 Perylo[1,12-dej]-I,3-dioxepin-6,11-dione, 5-hydroxy-8,9.bis(2-hydroxypropyl).7,1 O,12·trimethoxy· 

SlA191 

87R227 

92F063 

92F063 

92F063 

92F063 

92F063 

CD30D ::;;107 CPILI·12 S = RB; used kd = 4.2 X 103 s-1. 92F063 

16.59 Phenanthro[l ,lO,9,8-opqra ]pery)ene· 7 ,14.dione, 1,3,4,6,8,13-hexahydroxy-l0,II-dialkyl. 

CH3CN 2.0 x 1010 PULd-2 S = Riboflavine tetrabutyrate; Red pigment 92RI07 
extracted form Blepharima japonicum; on 
Irradiatton reQ (onn converrs to blue fonn which 
reacts with 102* with k = 4.4 X 1010 L mol-1 s-l; 

k probably overestimated due to impurities in the 
crude extracts. 

16.60 Phenanthro[1,10,9,8·opqra]perylene.7,14·dione, 1,3,4,6,8,13.hexahydroxy·lO,1l.dimethyl. (Hypericin, HYP) 

EtOH 5.0 x 109 PULd-2 S = Riboflavine tetrabutyrate. 92RI07 
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TABLE 16. Rate constants for the interaction of singlet oxygen with some compounds of biological interest. - Continued 

•• ~~! ,:-

')'fH, Solvent k 13 (kik) T Method 
(L mol-1 s-l) (mol L-1) (K) 

:' •• ,6( Pregna-S,16-dien-20-one, 3-(acetyloxy)- (3~) 

C6HUCsHsN 4.7 293 CP/Oc-14 
(91:9) 

'.,,62 Pregn-5-en-20-one, 3-hydroxy-, (313) 

CsHsN 1.7 293 CP/Oc-15 

C6Hu'CsHsN 1.8 293 CP/Oc-15 
(60:40) 

C6H&,CsHsN 1.8 293 CP/Oc-14 
(71:29) 

:~,j~3 Purine,6-amino- (Adenine) 

D20 <4x 105 293 PULd-2 
pH =-7 

DMSO/H2O 7.2 X 104 298 CP/A'c-16 
(75:25) 

H2O !51 X 106 298 CP/Oc-19 
pH = 7.l 

l6.64 Purin-2,6,8-trione, 7,9-dihydro-, anion (Urate ion) 

D20 3.6 x 108 298 PULd-2 

.. pD=7.4 

H2O 283 CP/A'c-17 
pH =7.0 

H2O 283 CP/A'c-17 
pH=7.0 

.6.65 2-Pyrimidinamine, N,N,4,5-tetramethyl-6-(pheoylmethoxy)-

CHC13 9.0x 106 CP/A'c-33 

':16.66 Pyrirnidin-4-o1, 5-butyl-2-( dimethylarnino )-6-methyl- (Dimethirimol) 

CHCls :5.5 x 106 CP/A'c-33 

,".67 Pyrimidin-4-01, 5-butyl-2-(ethylamino).6-methyl. (Ethirimol) 

CPfA'c-33 

t 6.68 Pyrimidin-4-ol, 2-( diethylamino ).6-methyl-

7.0 x 105 CP/A"c-33 

,16.69 Pyrimidin-4..o1,2-(dimethylamino)-S,6-dimethyl-

CHC13 1.2 x 107 CPfA'c-33 

CP/Oc-15 H2O 
pH =4.0 4.4 x 107 

pH =7.0 8 x 10"1 
pH =9.0 1.4 x 108 

H2O 9.0 X 107 296 CP/Oc-15 

16.70 Pyrimidin-4 .. ol,2-{dimethylamino)-6.methyl-

CHC13 1.0 x 106 CP/A'c-33 

Comment Ref. 

S=HP. 57F008 

S=HP. 587002 

S=HP. 587002 

S=HP. 57F008 

S = H2 TPPs4-; No reaction at [A] = 9 x 10-3 mol 86A198 
L-1• 

S = MB; A' = DPBF; used kd = 1.2 X 105 s-I, kA, 86R21O 
= 6.9 x 108 L mol- I S-I. 

S = Phenosafranine; No measurable effect. 78A360 

S = H2 TMpyp4+. 90R134 

S = RB; A' = BHMF; meas. k/k/" = 1.0; 88R064 
sensitizer immobilized on glass beads. 

S = RB; A' = BHMF; meas. k/k/' = 0.50. 88R064 

S = A' = Rub; used kd = 1.7 X 104 s-1, kA, = 5.3 x 
107 Lmol-1 S-I. 

81A363 

S = A' = Rub: used kd = 1.7 X 104 s-I. kA , = 5.3 x 81A363 
107 Lmorl s-l. 

S"" A' "" Rub; used kl1 -1.7 x 104 s-l,kA,= 5.3 x 81A363 
107 L mol-1 8-1. 

S "" A';; Rub; used kd -- 1.7 x 104 05-1, kA' ..... 5.3 x 81A363 
107 L morl 8-1. 

S = A' = Rub; used kd = 1.7 X 104 
S-1, kA' = ~.3 x 81A363 

107 L mol-I 8-1. 

S RB; used kd 5 x 105 s-I, 83A315 

S = RB; used kd = 5 X 105 s-l; AS* = 150.5 J K-1 

mol-I; Ea -71.9 kJ mol-I; studied at 279-296 K. 
83A315 

S = A' = Rub; used kd = 1.7 X 104 
S-1, kA' = 5.3 x 8lA363 

107 L mol-1 5-1 . 

• .... _- -- .... - --- '--_1 "'_.1._ '._1 ft .. ~I_ oft .. ",ft!!! 
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TABLE 16. Rate constants for the interaction of singlet oxygen with some compounds of biological interest. - Continued 

No. Solvent k ~ (kd1k)- T Method Comment Ref. 
(L mol-1 s-l) (mol L-1) (K) 

16.71 Rhodopsin 

H2O 1.1 x 109 CP/Pa-15 S = Ret; used kd = 3.5 X 105 S-I; membrane 85A44 1 

pH=8 suspension; sulfur radicals obs. by esr. 

16.72 Riboflavine 

MeOD 6.0 x 107 PULd-2 S=A. 88Alb) 

16.73 Sitosteryl acetate 

C6H&,C5H5N 6.5 293 CP/Oc-14 S=HP. 57FOOX 
(91:9) 

16.74 Stigmasteryl acetate 

C6H6/CsHsN 4.1 293 CP/Oc-14 S=HP. 57FOOX 
(91:9) 

16.75 Sucrose 

D20 3 x 104 PULd-2 S = RF, water-sol. TPP derivs., or Chi a in 86F149 
micelles contg. Triton X-100. 

16.76 4· Thiouridine 

D20 1.2 x 106 293 PULd-2 S = H2TPPS4-. 86A19X 
pH=-7 

16.77 Thymidine 

D20 3 x 104 293 PULd-2 S = H2TPPs4-. 86A19X 
pH=:""7 

16.78 Thymidine 5' .monophosphate 

H2O <105 PULd-2 S=RB. 87A04:l 
pH = 7.0, 10.5 

16.79 Thymine 

D20 <1.6 x 105 293 PULd-2 S = H2 TPPs4-; No reaction at [A] = 2.5 x 10-2 86A198 
pH=-7 molL-I, 

DMSO/H2O 2.5 x 104 298 CP/A'c-16 S = MB; A' = DPBF; used kd = 1.2 X 105 8-1. 86R21 0 
(75:25) 

H2O ~1 x 106 298 CP/Oc-19 S = Phenosafranine; No measurable effect. 78A360 
pH=7.1 

16.80 Uridine 

D20 5 x 104 293 PULd-2 S = H2 TPPs4-. 86A198 
pH=-7 

I n ...... _ "" .... __ n_~ 1"'\_ ... _ \'_1 "A "1_ ,.. ""n.~ 
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TABLE 17. Rate constants for the interaction of singlet oxygen with miscellaneous substrates. 

~F~.:' 

No. Solvent k ~ (kd/k) T Method Comment Ref. 
(L mol-l S-I) (mol L-1) (K) 

.7.1 Acetic acid 

CC14 2.3 x 103 MPILI-12 S = TPP; used kd = 42 s-I. 83FA25 
83F151 

17.2 Acetone 

CCl4 1.9 x 103 298 CP/LI-12 S = Benz[deJanthracen-7-one. phenalenone or· 82E329 
fluorenone; used kd = 325 .... 1. 

173 Acetone-d6 

CC14 95 298 CPILI-12 S = Benz[de]anthracen-7-one. phenaIenone or 82E329 
fluorenone; used kd = 325 .... 1• 

17A Acetonitrile 

CC14 9 x 102 298 CPILI-12 S = Benz[de]anthracen-7-one. phenaIenone or 82E329 
fluorenone; used kd = 32 S -I. 

17.5 Acetonitrile.d3 

CCl4 55 298 CP/LI-12 S = Benz{de]anthracen-7-one. phenalenone or 82E329 
fluorenone; used kd = 32 S .... I. 

J7.6 Butanoic acid 

C6D6 3.7 x 103 PULd-2 S=TPP. 89A331 

l7.7 Butanoic acid, 3,3·dimethyl-2-oxo-

MeOH -1 x 106 PUA'd-5 S = MB; A' = DPBF. 79A386 

17.8 I-Butanol 

CC14 2 x 103 PUA'd-8 S = MB; A' = DPBF. 76F903 

17.9 Chloroform 

CC14 5 x 102 298 CPILI-12 S = Benz{delanthracen-7-one. phenalenone or 82E329 
fluorenone; used kd = 32 5-1• 

17.10 Chloroform-d 

CC14 22 298 CPILI-12 S = Benz[de]anthracen-7-one, phenalenone or &2E329 
fiuorenone; used kd = 32 s-l. 

17.11 2,5·Cyclohexadien-4-one, 1,2-ethanediylidenebis[3-[2-hydroxy-S-methyl.3·(1,1·dimethylethyl)benzyl)-5-(1,I-dimethylethyl»)-

CH2C12 8.2 x 109 303 CP/Oc-23 S = MB; A' = TME; used kd = 1.2 X 104 s""\ kA' = 76F921 
3.0 x 107 L mol-l s-l; k caIcd. in [81Z251). 

17.12 2,5-Cyclohexadien-4-one, 4,4' -(1,2-ethanediylidene)bis[2,6-bis(1,I-dimethylethyl)-

CH2Cl2 5.4 x 109 303 CP/Oc-23 S = MB; A' = Rub; used kd = 1.2 X 104 S-l, kA, = 76F921 
5.3 x 107 L mol-1 s-l; k caIcd. in [81Z251). 

CH2C12 2.3 x 109 303 CP/Oc-23 S = MB; A' = CHD; used kd = 1.2 X 104 s-l. kA' = 76F921 
3.5 x 106 L moC! S-1; k caIcd. in [8IZ251]. 

CH2C12 4.3 x 109 303 CP/Oc-23 S = MB; A' = TME; used kd = 1.2 X 104 s-I. kA, = 76F921 
4.0 x 107 L mo}""l s-l; k caIcd. in [81Z251). 

17.13 Cyclohexane 

CC14 6.4x 103 298 CPILI-12 S = Benz[de]anthracen-7-one. phenalenone or 82E329 
fluorenone; used kd = 32 s""l. 

17.14 Cyelohexane-d12 

CC14 3.4 x 102 298 CPILI-12 S = BenzfdeJanthracen-7-one. phenalenone or 82E329 
fluorenone; used kd = 32 s-l. 

17.15 1,3-Cyclohexanedione, 5,s-dimethyl-

D20 9x 107 310 CRfA/c-32 A' = DPBF; used kd = 1.5 X 104 s-l; 102* from 89M038 
pD = 11.2 DopamineiH20 2• 
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TABLE 17. Rate constants for the interaction of singlet oxygen with miscellaneous substrates. - Continued 

No. Solvent k ~ (kd1k) T Method Comment Ref. 
(L mol-1 S-I) (mol L-1) (K) 

17.15 1,3-Cyclohexanedione,5,s-dimethy)- - Continued 

D20 1.2 x 108 310 CRlA'c-32 A' = DPBF; used kd = 1.5 X 104 S-I; 102* from 89M03X 
pD = 11.2 DOPAlH20 2• 

17.16 Dichloromethane 

CC14 1.1 X 103 298 CP/LI-12 S = Benz[de]anthracen-7-one, phenalenone or 82E329 
fluorenone; used kd = 32 s-l. 

17.17 Dichloromethane-dz 

CCl4 5.3 x 102 298 CP/LI-12 S = Benz[de]anthracen-7-one, phenalenone or 82E329 
fluorenone; used kd = 32 s-l. 

17.18 1,I-Dimethylethyl methyl ether 

CD30D 4.1 x 103 CP/LI-12 S = RB; used kd = 4.0 X 103 s-l. 92A386 

(CH3)3COCH3 4.1 x 103 PULd-2 S TYP. nAJ86 

17.19 2,2-Dimethylpropyl methyl ether 

CD30D 4.9 x 103 CPILI-12 S = RB; used kd = 4.0 X 103 8-1, 92A386 

(CH3)3CCH20CH3 2.9 x 103 PULd-2 S=TPP. 92A386 

17.20 1,4-Dioxane 

CC14 7 x 102 PUA'd-8 S = MB; A' = DPBF. 76F903 

17.21 Disilirane, 1,1,2,2-tetrakis(2,4,6-trimethylphenyl)-

C6H6 6.4 X 104 CPILI-12 S = TPP; kd not given. 93F160 

17.22 Docosanoic acid (Behenic acid) 

CCl4 1.1 x 104 MPILI-12 S TPP; used kd 42 S-I. 83E425 
83F151 

17.23 Dodecane 

CC14 1.1 x 104 (kq) MPILI-12 S = TPP; used kd = 398-1
• 83E813 

17.24 Dodccallok acid 

CC14 6.1 X 103 MP/LI-12 S = TPP; used kd = 42 S-l. 83E425 
83F151 

17.25 Dodecyl sulfate, sodium salt 

H20 (mic) 1.0 x 109 313 CP/A'c-23 S = Py; A' = DPBF; Q = NaN3; used kd = 5.0 x 78A174 
105 8-1; S and A' solubilized in SDS micelles. 

17.26 Dodecyltrimethylammoniwn chloride 

H20 (mic) 1.7 x 108 313 CP/A'c-23 S = Py; A' = DPBF; Q = NaN3; used kd 5.0x 78A174 
105 s-l; S and A' solubilized in DTAC micelles. 

17.27 Eicosanoic acid (Arachidic acid) 

C6D6 1.2 x 104 PULd-2 S=TPP. 89A331 

CC14 1.0 x 104 MP/LI-12 S = TPP; used kd = 42 S-1. 83E425 
8.3Fl~1 

17.28 Ethane, iodo-

C6HSBri ~106 CP/A'c-23 S = A' = Rub; No measurable effect. 767126 

CH3COCH3 
(67:33) 

C6H5Brl MeOH ~106 CP/A'c-23 S = A' = Rub; No measurable effect. 767126 

(67:33) 

C6H6 2 x 104 PUA'd-8 S = An; A' = DPBF. 76F902 
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TABLE 17. Rate constants for the interaction of singlet oxygen with miscellaneous substrates. - Continued 

"."~~..,;, 

i;)iW~) Solvent k P (kd1k) T Method Comment Ref. 
(L mol-1 s-l) (mol L-1) (K) 

::-(}:~.&:' 

,~fJ~9 Ethanol 

CCl4 2x 103 PUA'd-8 S = MB; A' = DPBF. 76F903 

)1,JO Ethylene-propylene-ethylidenenorbornene terpolymer 

c-C6H12 3.6 x 104 (kr) 298 CP/Ac-17 S = A' = DPBF; used 1<r A' = 5.4 X 108 L mor1 s-l; 84P629 
[AJ = 5 gIL, assuming that reaction is only at the 
ethylidenenorbomene groups, k = 8.8 X 107• 

,]'1.31 Formamide, N,N-dimethyl-

EtOH 3.0 x 102 (kr) CP/Pa-19 S = RB; used kd = 8.3 X 104 s-l; used kq/kc (not 75F655 
reported); . kr derived assuming a singlet oxygen 
mechanism_ 

·11.32 Fullerene-C(j() 

C6D6 5 x 105 PULd-2 S=TPP. 91EOO3 

CCl4 6.1 x 104 PULd-2 S=A. 93l:ID91 

".33 Fullerene-C,o 

C(iF(j 3 x 106 PULd-2 S=A. 93E301 

17.34 Heptane 

CCli MeOH (96:4) 4x 102 PUA'd-8 S = MB; A' = DPBF. 777162 

11.35 Heptane,3-methyl • 

CCli MeOH (96:4) 6x 102 PUA/d-8 S = MB; A' = DPBF. 777162 

17.36 Heptane, 4-methyl -

CCli MeOH (96:4) 5x 102 PUA'd-8 S = MB; A' = DPBF. 777162 

17.37· Hexadecanoic acid 

C6D6 1.2 x 104 PULd-2 S=TPP. 89A331 

CCl4 8.0x 103 MPILI-12 S = TPP; used kd = 42 S-I. 83E425 
83F151 

17.38 Hexanoic acid . 

C6D6 5.6x 103 PULd-2 S=TPP. 89A331 

CCl4 3.9 x 103 MPILI-12 S = TPP; used kd= 42 s-l. 83E425 
83F151 

17.39 Malonic acid 

D20 4x 104 PULd-2 S RF, water-sol. TPP derivs., or ChI a in . 86F149 
micelles contg. 'Inton X-lUU. 

17.40 Methanol 

CC14 3 x 103 PUA'd-8 S = MB; A' = DPBF. 76F903 

17.41 5,8-Methano-[I,2,4]triazolo[I;1.-a]pyridazine-l,3-dione, tetrahydro-2-methyl-

CH2Cl2 4x 104 PRlA'd-8 S = An; A' = DPBF. 79A457 

17.42 Methyl esters of fatty acids from peanut oil 

MeOHlCHC13 8 x 104 PULd-2 S=ZnTPP. 91U181 
(80:20) 

17A3 Methy) esters of fatty acids from soybean oil 

MeOH 1.7 x 105 CP/A'c-33 S = A' = Rub; used kd = 1.4 X 105 s-l, kA' = 6 x 
107 Lm01-1 s-I, 

91U201 

MeOHlCHCl3 3.6 x 105 PULd-2 S=ZnTPP. 91U181 
(80:20) 



914 WILKINSON, HELMAN, AND ROSS 

TABLE 17. Rate constants for the interaction of singlet oxygen with miscellaneous substrates. - Continued 

No. Solvent ~ (kd/k)' 
(molL-I) 

17.44 Methyl esters of fatty acids from sunflower oil 

MeOHl CHC13 9 x 104 

(80:20) 

17.45 4-Morpholineethanesulfonic acid (MES) 

D20 1.6 x 104 

17.46 Oxadisilirane,2,2,3,3-tetrakis(2,6-diethylphenyl)-

C6H6 8.4 x 104 

17.47 Oxadisilirane,2,2,3,3-tetrakis(2,6-diisopropylphenyl)-

C6H6 7.1 X 104 

17.48 Oxalate ion 

D20 

17.49 Oxirane, 2,3-diphenyl-, (E)-

CICF2CC12F 5.0 x 103 

17.50 Pentane 

CC14 5.9 X 103 

17.51 Pentanedioic acid, 2-oxo- (a.-Ketoglutaric acid) 

MeOH -3 x 106 

T Method 
(K) 

PULd-2 

PULd-2 

CP/LI-l2 

PULd-2 

PULd-2 

MP/LI-12 

PUA/d-5 

Comment 

S=ZnTPP. 

S = RF, water-sol. TPP derivs., or ChI a in 
micelles contg. Triton X-lOO. 

S = TPP; kd not given. 

S = TPP; kd not given. 

S = RF, water-sol. TPP derivs., or ChI a in 
micelles contg. Triton X-loo; counter ion K+. 

S=DNT. 

S = TPP; used kd = 39 s-I. 

S = MB; A' = DPBF. 

17.52 Phosphoric acid, mono(2-aminoethyl) mono(2,3-dihydroxypropyl) ester (phosphatidylethanolamine) 

CC14 105 MP/LI-12 S = PP; used kd = 36 s-I. 

17.53 Phosphoric acid, mono(2-dimethylammonioethyl) mono(2,3-dihydroxypropyl) ester (phosphatidylcholine, Lecithin) 

CCl4 105 MP/LI-12 S=PP;usedkd =36s-l
• 

17.54 Phycol-400 

D 20 

17.55 Polycarbonate 

2.4 x 107 

CII2C12 3.9 x 103 

17.56 Poly(ethylene glycol) 

D20 4x 104 

17.57 Poly(methyl methacrylate) 

CH2Ci2 2.2 x 103 

17.58 Polystyrene 

CH2CI2 

17.59 1,3-Propanediol, 2-amino-2-(hydroxymethyl)- (Tris) 

D20 1.5 x 104 

CP/Pa-15 

CP/Pa-15 

PT IT rl-? 

PULd-2 

PULd-2 

PULd-2 

PULd-2 

PULd-2 

S = RB; used kd:::: 1.8 X 104 s-l; P = Lecithin 
hydroperoxide; 0.05% egg yolk lecithin, ave. 
MW per monomer = 750. 

S = RB; used krl = 2.5 X 105 s-I; P = Lecithin 
hydroperoxide; 0.05% egg yolk lecithin. 

~ = RF, water-~ol. TPP deriv~ .. or ChI a in 
micelles contg. Triton X-IOO. 

S =An or Ac. 

S = RF, water-sol. TPP derivs., or ChI a in 
micelles contg. Triton X-100. 

S=An. 

S = An or Ac. 

S = RF, water-sol. TPP derivs., or Chi a in 
micelles contg. Triton X-100. 

Ref. 

91UISI 

86F14'1 

93FI60 
90F241 

93F160 
90F241 

86F149 

87Aon 

83E813 

79A386 

79F463 

79F463 

86NI04 

86NI04 

86F149 

86E884 

86Fl49 

86E809 

86E884 

86F149 
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TABLE 17. Rate constants for the interaction of singlet oxygen with miscellaneous substrates. - Continued 

,l¥f 

No. Solvent k ~ (kd/k) T Method Comment Ref. 
.. (L mol-1 S-I) (mol L-1) (K) 

17.60 Propanoic acid, 2-oxo-3-phenyl- (phenylpyruvic acid) 

MeOH <7 x 106 PUA'd-5 S = MB; A' = DPBF. 79A386 

17.61 2-Propanol 

CC14 2x 103 PUA'd-8 S = MB; A' = DPBF. 76F903 

17.62· 2-Propanol, Z-methyl- (teTt-BuOB) 

CCl4 2x 103 PUA'd-8 S = MB; A' = DPBF. 76F903 

17.63 Quadricyclane 

CHCl3 4.8 x 104 CRlA'c-33 A' = Rub; ~sed kd = 1.7 X 104 s-l, kA, = 5.3 X 107 81EOO3 
L mol-1 s-l: 102* from DMN02 • 

17.64 Singlet oxygen 

C6F6 2.6 x 107 PULd-2 S = Chr; self-annihilation from high intensity 87F333 
photolysis; M"" 102*. 

c-C6H12 <4 X 107 PULd-2 S = Chr; self-annihilation from high intensity 
photolysis; M = 102*, 

87F333 

eel .. 1 x 109 PULd-2 S = PdMPDME; [102*] estd. from sensitizer 79E846 
triplet concn. 

O2 2 x lOs 77 PULd-2 In liquid 180 2 k = (2 ± 0.6) x 106. Emission is 82E575 
monitored at 635 nm. 

17.65 Soybean oil 

CH2Cl2 1.4 x lOs 0.073 293 CP/0c-15 S = Chl a; used kd = 1.0 X 104 s-l. 91U026 

CH2Cl2 1.0 x lOs 0.11 298 CPIPa-15 S = Chl a; used kd = 1.1 X 104 s-l; measured 91U180 
peroxide formation. 91U128 

17.66 Stearic acid 

C6D6 1.2 x 104 PULd-2 S=TPP. 89A331 

CC14 9.0 x 103 MPILI-12 S = TPP; used ~ = 42 s-l. 83E425 
83F151 

17.67 Tetradecanoic acid (Myristic acid) 

~D6 9.9 x 103 PULd-2 S=TPP. 89A331 

17.68 Tetrahydrofuran 

CCl4 2 x 103 PUA'd-8 S = MB; A' = DPBF. 76F903 

.17.69 1,2,4-Triazolobenzo[I,3]cyclopropa[I,2,3-cd]cyclopropa[gh]pentalene, 1,2,5,6,6a,6b,6c,6d-octahydro-I,6(I',2']-4-methyl-3,s-dioxo-

CH2Ch 1.0 x lOS PRlA'd-8 S = An; A' = DPBF. 79A457 

17.70 1,2,4-Triazolo[I,3]cyclopropa[I,2,3-cd]cyclopropa[gh]pentalene, 1,2,5,6,6a,6b,6c,6d-octahYdro-l,6[1' ,2']-4-methyl-3,5-dioxo-

CH2C12 3.4 x 104 PRlA'd-8 S = An; A' = DPBF. 79A457 

17.71 Tributyl phospbite 

CH3COCH3 CPIPa,P' a-17 S = RB; A' = (C2HsOhP; meas. klkr A' = 0.78. 747495 

17.72 Tricyclohexyl phosphite 

CH3COCH3 CPIPa,P' a-I7 S = RB; A' = (C2HsOhP; meas. klkr A' = 0.60. 747495 

17.73 Triethyl phosphite 

CH3COCH3 CPIPa,P' a-17 S = MB; A' = (CH30hP; meas. klkr A' = 1.5. 747495 

C6HdMeOH 2.5 x 107 CPIPa-19 S = RB; A' = Car; kd and kN not given. 747495 
(80:20) 

17.74 Trimethyl phosphite 

C6~ 4.7 x 104 PULd-2 S=Ac. 89A099 

I Dh"C! ~hAm RAf nSlltSil Vnl. 24. No.2. 1995 
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TABLE 17. Rate constants for the interaction of singlet oxygen with miscellaneous substrates. - Continued 

No. Solvent k ~ (kik) T Method Comment Ref. 
(L mol-1 8-1) (mol L-1) (K) 

17.74 Trimethyl phosphite - Continued 

C6H&,MeOH 1.5 x 107 CP/Pa-19 S = RB; A' = Car; kd and kA, not given. 747495 
(80:20) 

C6H6/MeOH 3.9 x 104 PULd-2 S=Ac. 89A09Y 
(80:20) 

CH3CN 6.6 x 104 PULd-2 S=Ac. 89A099 

CH3COCH3 6.3 x 104 PULd-2 S=Ac. 89A099 

MeOD 2.7 x 104 PULd-2 S Ac. 89A099 

17.75 1Jipbeoylpbosphine 

CH2CI2/ MeOH 5 x 106 PUA'd-5 S = MB; A' = DPBF. 87F655 
(90:10) 

CHC13 8.5 x 106 253 CP/A'c-33 S = A' = Rub; used kd = 1.7 X 104
8-1, kA' == 5.3 x 82N064 

107 L mor l s;-I_ 

MeOH 6.0 x 10-3 293 CP/Oc-15 S = MB; Ea = 5.0 kJ mol-I. 68F288 

MeOH 5.0x 10-3 293 CP/Oc-15 S = RB; Ea = 5.9 kJ mol-I, 68F288 

17.76 Uodecanoic acid 

C6D6_ 9.3 x 103 PULd-2 S=TPP. 89A331 

17.77 Urea 

H2O 283 CP/A/c-17 S = RB; A' = BHMF; meas. klk/, = 1.1. 88R064 
pH=7.0 

17.7R Urea, allyl. 

H2O <2 X 105 298 CP/Oc-19 S = Phenosafranine; Q = NaN3; used kQ = 2.0 x 78F020 
pH = 7.1 10& Lmor1 8-1• 

17.79 Valerie acid 

C6D6 4.0 x 103 PULd-2 S=TPP. 89A331 



RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION 917 

12. References to Tables 

lfJi'XJ4 Reactions in the liquid phase photochemistry of anthracene_ Part 
1, The photo-oxidation of anthracenes in solution. Bowen, E.J., Discuss. 
l(Jraday Soc. : 143-6 (1953) 

Ji\tint The photocherrristry of anthracenes. Part 3. Inter-relations 
hetween fluorescence quenching, dimerization, and photo-oxidation. 
Unwen, E.J.; Tanner, D.W., Trans. Faraday Soc. 51: 475-81 (1955) 

:t;f.ftX)7 A diffusion-controlled step in chlorophyll-sensitized 
photochemical autooxidations. Livingston, R.; Owens, K.E., J. Am. 
Chem. Soc. 78: 3301-5 (1956) 

,}.ffltJ08 Zurphotosensibilisierten Autoxydation der Steroide. Darstellung 
von Steroid-Hydroperoxyden Mittels Phototoxischer 
f'hotosensibilisatoren. Schenck, G.O.; Gollnick, K.; Neumueller, O.A., 
rtnn. Chem. 603: 46-59 (1957) 

-~j~'l002 Zur photosensibilisierten Autoxydation der Steroide. Synthese 
tcr1iaerer Steroid-Hydroperoxyde, insbesondere des A6-Allopregnen
:lfl-ol-20-on-5cx.-Hydroperoxyds. Schenck, G.O.; Neumueller, O.A., 

, Ann. Chem. 618: 194-201 (1958) 

JrJO04 Cinetique et inhibition de reactions photosensibilisees en 
flrp_~en("e d'oxygene moleculrure. Schenck, G.O.; Gollnick, K., J. Chim. 

Phys. Phys.-Chim. Bioi. 55: 892-8 (1958) 

·~~jFOO3· A further study of the photochemical autooxidation of 
IUlthracenes. Livingston, R; Rao, V.S., J. Phys. Chem.63: 794-9 (1959) 

,>.,17008Phulu-uxiuatiun, sensitised by proftavine, of furfuryl alcOhOl, N
tlllyl tl¥ourea and histidine. Sluytennan, L.A.E., Reel. Trav. Chim. 
Pays-Bas 80: 989-1002 (1961) 

m7005 Chemismus und Kinetik der durch Xanthenfarbstoffe 
photQsensibiIisierten 02-Uebertragungen. (Analyse der Beteiligung 
angeregter SinguJett- und Triplettzustaende sowie der Natur der 
Tcrminationsprozesse). Gollnick, K., Ph.D., Thesis, Univ. Goettingen, 
. 1962, 144p. 

. f,'\F028 Reactivities in photosensitized olefin oxidations. Kopecky, K.R.; 
Reich, H.J., Can. J. Chern. 43: 2265-70 (1965) 

;,SF029 On the mechanism of the photo-oxidation of amino acids 
sensitized by methylene blue. Weil, L., Arch. Biochem. Biophys. 110: 
57 -68 (1965) 

. (l6F041 Excited singlet molecular oxygenin photQoxidation. Wilson, T., 
i. Am. Chern. Soc. 88: 2898-902 (1966) 

(16F197 . Quantum yield studies of the dye-sensitized photoinactivation of 
trypsin. Glad, B.W.; Spikes,J.D., Radiat. Res. 27: 237-49 (1966) 

()I)f285 Quenching of singlet oxygen by tertiary aliphatic amines. Effect 
of DABCO. Ouannes, c.; Wilson, T., J. Am. Chem. Soc. 90: 6527-8 
J1968) 

68F287 Reactions by singlet oxygen and via transient complex (between 
dye and oxygen), produced simultaneously through the interaction 
between triplet eosine and oxygen. Koizumi, M.; Usuj, Y., Tetrahedron 
Len. :6011-4(1968) 

6HF288 Zur Photosensibilisierten Sauerstoffuebertragung. Untersuchung 
der Tenninationsschritte durch Belichtungen bei tiefen Temperaturen. 
Koch, E., Tetrahedron 24: 6295-318 (1968) 

'68F289 Type II photosensitized oxygenation reactions. Gollnick, K., Adv. 
Chem. Ser. 77: 78.,.101 (1968) 

68F292 Chemistry .of singlet oxygen. V. Reactivity and kinetic 
characterization. Higgins. R.: Foote. C.S.: Cheng, R, At/v Chl'm 77' 
102':'17 (1968) 

69F388 The photoperoxidation of unsaturated organic molecules. IV. The 
photosensitized reaction. Stevens, B.; Algar, B.E., J. Phys. Chern. 73: 
1711-5 (19n9) -

706079 The photoperoxidation of unsaturated organic molecules. VI. The 
inhibited reaction. Algar, B.E.; Stevens, B., J. Phys. Chern. 74: 3029-34 
(1970) 

707188 Chemistry of singler oxygen. X. Carotenoid' quenching parallels 
biological. protection. Foote, C.S.; Chang, Y.C.; Denny, R.W., J. Am. 
Chem. Soc. 92: 5216-8 (1970) . 

707250 Photo-oxidation of carbanions: The reactivity of singlet oxygen 
with 9-benzenesulphonylfluoren-9-yl anion. Bethell, D.; Wilkinson, 
R.G., Chem. Commun. : 1178-9 (1970) 

70F200 1,2 CycIoaddition of singlet oxygen to 9,9'-bifluorenylidene. 
Richardson, W.H.; Hodge, V.,J. Org. Chern. 35: 1216-7 (1970) 

70F454 Photoinduced reactions. XL. Addition of singlet oxygen to 
monocyclic aromatic ring. Saito, I.; Kato, S.; Matsuura, T., Tetrahedron 
Lett. : 239-42 (1970) 

70F732 Proflavine-sensitized photooxidation of methionine. lori, G.; 
Cauzzo, G., Photochem. Photobiol. 12: 231-7 (1970) 

70F733 Competitive modes of reaction of singlet oxygen. Bartlett, P.D.; 
Mendenhall. G.D.; Schaap, A.P., Ann. New York Acad. Sci. 171: 79-87 
(1970) 

70F734 Quenching of singlet oxygen. Foote, C.S.; Denny, RW.; Weaver, 
L.; Chang, Y.; Peters, J.,Ann. New York Acad. Sci. 171: 139-45 (1970) 

70F735 Photosensitized oxygenation as a function of the triplet energy of 
sensitizers. Gollnick, K.; Franken, T.; Schade, G.; Doemoefer, G., Ann. 
N.y. Acad. Sci. 171: 89-107 (1970) 

717299 Cinetique d'oxydation de }'aniline par l'oxygene singulet fonne a 
partir d'aniline a l'etat triplet'Pouyet, B.; Chapelon, R., C. R. Hebd, 
Seances Acad. Sci .. Ser. C 272: 1753-6 (1971) 

717356 Chemistry of singlet oxygen. XIII. Solvent effects on the reaction 
with olefins. Foote, C.S.; Denny, R.W., J. Am. ,Chern. Soc. 93: 5168-71 
(1971) 

717398 Solvent effects in dye-sensitized pholuuxidation reaclions. 
Young, R.H.;Wehrly, K.; Martin, RL., J. Am. Chern. Soc. 93: 5774-9 
(1971) 

717403 Photo-oxygenation of 4H-pyran-4-thiones and 4H-thiopyran-4-
thlonc.s; Reactivity am! kinetic characterization. Ishibe, N.;Udani, M.; 
Sunami, M., J. Chem. Soc. Pt. B: 1837-40 (1971) 

719112 Collisional deactivation Of02(l&g)' Findlay, P.D.; Snelling, D.R., 
J. Chem. Phys. 55: 545-51 (1971) , 

719325 Direct measurement of the lifetime of Id oxygen in solution. 
Merkel, P.B.; Kearns, D.R., Chem. Phys. Lett. 12: 120-22 (1971) 

7lF577 Chemistry of singlet oxygen. XII. Electronic effects on rate and 
products of the reaction with olefins. Foote, C.S.; Denny, R.W., J. Am. 
Chern. Soc. 93: 5162-7 (1971) 

71F5&0 Photooxidation of sulfides. Foote, C.S.; Peters, l.W., 23d. 
Internal. Congr. Pure Appl. . Chern., Special Lectures, London, 
Butterworths, 1971, Vol. 4, p. 129-54. 

71F581 Photoinduced reactions-XLIX. Photosensitized oxygenation of 
cis. cis-1.5-cyclooctadiene and cis-cyc1ooctene. Matsuura, T.; 
Horinaka, A.; Yoshida, H.; Butsugan, Y., Tetrahedron 27:3095-100 
(1971) 

727027 Deuterium effects on singlet oxygen lifetimes in solutions. A new 
test of singlet oxygen reactions. Merkel, P.B.; Nilsson, R.; Keams, 
D;R.,J. Am. Chem. Soc. 94: 1030-1 (1972) 

727028 Chemistry of singlet oxygen. XVI. Long lifetime of singlet 
oxygen in carbon disulfide. Foote, C.; Peterson, E.R; Lee, K.-W .• J. Am. 
Chern. Soc. 94: 1032.3 (1972) 

727116 The dye-sensitized photo oxygenation of 
hexamethyleneammonium hexamethylenedithiocarbamate by xanthene 
dyes. Yamase, T.; Kokado, H.; Inoue, E., Bull. Chem. Soc. Jpn. 45: 
726-31 (1972) 

727196 The photoperoxidation of unsaturated organic molecules. 
Intersystem crossing in 9,1O-diphenylanthracene. Stevens, B.; Mills, 
L.E., Chern. Phys. Lett. 15: 381·2 (1972) 

727260 Radiationless decay of singlet molecular oxygen in solution. An 
experimental and theoretical study of electronic-tn-vihrntinn:<ll energy 
transfer. Merkel, P.B.; Kearns, D.R., J. Am. Chem. Soc. 94: 7244-53 
(1972) . 

727319 Singlet oxygen (ldg) quenching in the liquid phase by metal(II) 
chelate~_ r.nrls.snn. D.J.:Mendenhall, G.D.; Suprunchuk, T.; Wiles, 
D.M.,J. Am: Chem. Soc. 94: 8960-2 (1972) 

I rn..... " ... e...... D6f n!:llt!:ll Unl ~4. Nn. 2. 1995 



918 WILKINSON, HELMAN, AND ROSS· 

72A019 Dye-sensitized photooxidation of tocopherols. Correlation 
between singlet oxygen reactivity and vitamin E .activity. Grams, 
G.W.; Eskins, K., Biochemistry 11: 606-8 (1972) 

72A020 Photoinduced reactions. LlX. Reactivity of singlet oxygen 
tnw~rrl methoxyhenzenes. Saito. L: Imuta. M.: Matsuura. T .. 
Tetrahedron 28: 5307-11 (1972) 

72F510 Substituent effects in dye-sensitized photooxidation reactions of 
furans. Young, R.H.; Martin, R.L.; Chinh,N.; Mallon, c.; Kayser, R.H., 
Can. J. Chcm. 60: 932 g (1972) 

72F512 Kinetic evidence for both quenching and reaction of singlet 
oxygen with triethylamine in pyridine solution. Smith, W.E,Jr., J. Am. 
Chern. Soc. 94(1) 186-90 (1972) 

72F514 On the mechanism of quenching of singlet oxygen by amines. 
Young, R.H.; Martin, R.L.,J. Am. Chern. Soc. 94: 5183-5 (1972) 

72F515 Role of azide in singlet oxygen reactions: reaction of azide with 
singlet oxygen. Hasty, N.; Merkel, P.B.; RadIick, P.; Keams, D.R, 
Tetrahedron Lett. : 49-52 (1972) 

72F516 Unambiguous evidence for the participation of singlet oxygen 
( 1 Do) in photodynamic oxidation of amino acids. Nilsson, R.; Merkel, 
P.B.: Kearns. D.R .. Photochem. Photobiol. 16: 117-24 (1972) 

72F517 The reactivity of isobenzofuran. Young, R.H.; Feriozi, D.T., J. 
Chem. Soc. Chem. Commun. 841-2 (1972) 

72F518 Inhibition de l'oxygene singulet. DaIle, J.P.; Magous, R; 
Muusst::run-Cl1m::l, M., Fhutuc.:hem. Phuwuiul. 15; 411-9 (1972) 

72FS19 An investigation of reaction and quenching mechanisms of 
singlet molecular oxygen. Martin, R.L., Ph.D., Thesis, Georgetown 
Univ., Wash. D.C., 1972, 330p. 

72F520 Photoinduced reactions. LVI. Participation of singlet oxygen in 
the hydrogen abstraction from a phenol in the photosensitized 
oxygenation. Matsuura, T.; Yoshimura, N.; Nishinaga, A; Saito,!', 
Tetrahedron 28: 4933-8 (1972) 

72F521 Iodine-sensitized photofonnation of singlet oxygen. Olmsted, 
J.,II1; Karal, G., J. Am. Chern. Soc. 94: 3305-13 (1972) 

732066 The possible importance of singlet oxygen quenching reactions in 
the photostabilization of poly ole fins. Carlsson, D.l.; Suprunchuk, T.; 

Wiles, D.M., J. Polym. Sci .• Polym. Lett. Ed. 11: 61-5 (1973) 

733045 Photodynamic inactivation of lysozyme by eosin. Kepka, AG.; 
Grossweiner, L.I., Photochem. Photobiol. 18: 49-61 (1973) 

}j6U61 Un the mechanism of quenching of singlet oxygen by amines. III. 

Evidence for a charge-transfer-like complex. Young, R.H.; Martin, 
R.L.; Feriozi, D.; Brewer, D.; Kayser, R., Photochem. Photobiol. 17: 
233-44 (1973) 

737014 The determination of rate constants for reaction and lifetimes of 
singlet oxygen in solution by a flash photolysis technique. Young, 
RH.; Brewer, D.; Keller, R.A, J. Am. Chem. Soc. 95: 375-9 (1973) 

737202 Sensitized photooxygenation: Change from the Type I (radical) to 
Type II (singlet oxygen) mechanism. Kramer, H.E.A.; Maute, A., 
Photochem. Photobiol. 17: 413-23 (1973) 

737333 Energy transfer processes involving ultraviolet stabilizers. 
Qnenrhing of sinelet nxyeen. Gn illory , IP.; Cook, C.F.,.1. Pnlym. Sci., 
Polym. Chem. Ed. 11: 1927-37 (1973) 

737334 Quenching of singlet molecular oxygen by polyolefin additives in 
carbon disulfide solution. Flood, J.; Russell, K.E.; Wan, J.K.S., 
Macromolecules 6: 669-71 (1973) 

737438 On the mechanism of quenching of singlet oxygen in solution. 
Fannilo, A; Wilkinson, F., Photochem. Photobiol. 18: 447-50 (1973) 

737479 Etude cinetique de J'oxydation photosensibilisee d'aldehydes (X

ethyJeniques en phase liquide a -lO°C, Cannier, J.-C.; Deglise, X, C. R. 
H ebd. Seances Acad. Sci., Ser. C 277: 1187-9 (1973) 

73F659 Kinetics of photoperoxidation in solution. Stevens, B., Acc. 
Chem. Res. 6: 90-6 (1973) 

73F660 Photooxidation of isobenzofurans. A dual mechanism process. 
Olmsted, 1.,III; Akashah, T., J.Am. Chern. Soc. 95: 6211-5 (1973) 

73F662 Mechanisms of singlet oxygen reactions. Intermediates in the 
reaction of singlet oxygen with dienes. Hasty, N.M.; Kearns, n.R., J. 

Am. Chem. Soc. 95: 3380-1 (1973) 

73F664 The reaction of singlet oxygen with a- and f3-pinenes. Jefford 
C.W.; Boschung, A.F.; Moriarty, RM.; Rimbault, C.G.; Laffer, M.I I. 

Helv. Chim. Acta 56: 2649-59 (1973) 

74~1l2 On the quenching of singlet oxygen by a-tocopherol 
Fahrenholtz. S.R.: Doleiden. F.H.: Trozzolo. A.M.: Lamola. A./\. 
Photochem. Photobiol. 20: 505-9 (1974) 

743113 Chemistry of singlet oxygen. XVIII. Rates of reaction alld 

quenching of a-tocopherol and singlet oxygen. Foote, C.S.; Ching, T 
Y.; Geller, G.G., Photochem. Photobiol. :lO: 511-3 (197.-1) 

743114 The photoperoxidation of unsaturated organic molecules. XIII 
0 2

1 Dog quenching by a-tocopherol. Stevens, B.; Small, R.D.,Jr.; Perez, 
S.R.,Photochem. Photobiol. 20: 515-7 (1974) 

743115 Reactivity of cholesterol and some fatty acids toward singlet 
oxygen. Doleiden, F.H.; Fabrenholtz, S.R; Lamola, A.A.; Trozzo!o, 
A.M., Photochem. Photobiol. 20: 519-21 (1974) 

746110 Fluorescence and quenching of 02(lDog) and (02eDog»2 in liquid 
oxygen. Huestis, D.L.; Black, G.; Edelstein, S.A.; Sharpless, RL., .I 
Chem. Phys. 60: 4471-4.(1974) 

747042 Carotenoid chromophore length and protection against 
photosensitization. Mathews-Roth. M.M.: Wilson. T.: Fujimori. E.: 
Krinsky, N.I.,Photochem. Photobiol. 19: 211-22 (1974) 

747044 A standard system to determine the quantum yield of singlet 
oxygen fonnarion in aqueous solution. Usui, Y.; Kamogawa, K, 
Photochem. Photobiol. 10: 245-7 (1974) 

747]02 Measurement of the absolute rate constants for singlet molecular 
oxygen( l1\g} reaction with 1,3-diphenylisobenzofuran and physical 
quenching by ground state molecular oxygen. Matheson. I.B.C.; Lee, 
J.; Yamanashi, B.S.; Wolbarsht, M.L., J. Am. Chem. Soc. 96: 3343-8 
(1974) 

747103 Reaction rate of bilirubin with singlet oxygen (l1\g) and its strong 
enhancement by added base. Matheson, I.B.C.; Curry, N.V.; Lee, J., J. 
Am. Chem. Soc. 96: 3348-51 (1974) 

747207 The photoperoxidation of unsaturated organic molecules. X. 
Solvent effect on 0 2

11\ acceptor reactivity. Stevens, B.; Perez, S.R., 
Mol. Photochem. 6: 1·7 (1974) 

747312 Photoperoxidation of unsaturated organic molecules. XIV.02
1Dog 

acceptor properties and reactivity. Stevens, B.; Perez, S.R.; Ors, J.A, J. 
Am. Chem. Soc. 96: 6846-50 (1974) 

747':141 The qnenching of singlet oxygen (1 Ag) by transition metal 
chelates. Carlsson, D.1.; Suprunchuk, T.; Wiles, D.M., Can. J. Chern. 
52: 3728-37 (1974) 

747495 Singlet oxygen oxidation of phosphites to phosphates. Bolduc, 
P.R.; Goe, G.L.,J. Org. Chem. 39: 3178-9 (1974) 

74F640 On the mechanism of quenching by amines: A new method for 
investigation of interactions with triplet states. Young, R.H.; Brewer, 
D.; Kayser, R; Martin, R; Feriozi, D.; Keller, R.A., Can. J. Chem. 52: 
2889-93 (1974) 

74F641 The photoperoxidation of unsaturated organic molecules. IX. 
Lipoic acid inhibition of rubrene autoperoxidation. Stevens, B.; Perez, 
S.R; SmaJI, R.D.,Ph%chem. Photobio/.·19: 315-6 (1974) 

74F642 Importance of singlet oxygen in the degradation of rubbers and 
plastics. Carlsson, D.J.; Wiles, D.M., Rubber Chern. Technol. 47: 
991-1004 (1974) 

74F643 Role of singlet oxygen in some chemiluminescence and enzyme 
oxidation reactions. Nilsson, R.; Keams, D.R., J. Phys. Chem. 78: 

1681·3 (1974) 

74F645 Study of the quenching of triplet carbonyl groups and singlet 
oxygen by light stabilizers. Hrdlovic. P.; Danecek, J.; Karvas, M.; 
Durmis, J., Chem. Zvesti 28: 792-801 (1974) 

74F646 A kinetic investigation of the generation and decay of singlet 
oxygen in dye sensitized systems. Part 1. Brewer, D.R.,III, Ph.D., 
Thesis. Georgetown Univ., Wash. D.C., 1974, 694p. 

74F647 Reaction of singlet oxygen with 2-methylnorbom-2-ene, 2-
methylidenenorbomane, and their 7,7-dimethyl derivatives. The 
transition state geometry for hydroperoxidation. Jefford, C.W.; 
Boschung, A.F., fie/v. Chim. Ana 57; 2242-57 (1974) 



RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION 919 

]4F648 Photosensitized oxidation of di-n-butyl sulphide. Casagrande, 
M.;Gennari, G.; Cauzzo, G., Gazz. Chim. Ital. 104: 1251-7 (1974) 

{,1F649 The photo-peroxidation of unsaturated organic molecules. 02 1 tlg 
-acceptor re-encounter probabilities. Stevens, B.; Ors, J.A.; Pinsky, 
M.L., Chem. Phys. Lett. 27: 157-60 (1974) 

'!4R214 Concerning the fonnation of singlet O2 during the decomposition 
of H20 2 by. catalase. Porter, D.lT.; Ingraham, L.L., Biochim. Biophys. 
Acta 334: 97-102 (1974) 

752063 Singlet oxygen and polymer photooxidations. I. Sensitizers, 
quenchers, and reactants .. Zweig, A; Henderson, W.A,Jr., 1. Polym. 
Sci., Polym. Chem. Ed. 13: 717-36 (1975) 

j53071 Chemistry of singlet oxygen. XXI. IGnetics of bilirubin 
photooxygenation. Foote, C.S.; Ching, T.-Y., 1. Am. Chem. Soc. 97: 

. 6209-14 (1975) 

756223 Untersuchung der selbst-sensibilisierten Photooxidation des 
Rubrens in verschiedenen Loesungsmitteln .. Brauer, H.-D.; Wagener, 
H., Ber. Bunsenges. Phys. Chem. 79: 597-604 (1975) 

7~7088 Radiationless decay of singlet molecular oxygen in solution. II. 
Temperature dependence and solvent effects. Long, C.A.; Kearns, D.R., 
J. Am. Chern. Soc. 97: 2018-20 (1975) 

757147 The Quenching of singlet oxygen by amino acids and proteins. 
Matheson, I.B.C.; Etheridge, R.D.; Kratowich, N.R.; Lee, J., Photochem. 

. Photobiol. 21: 165-71 (1975) 

157166 Quenching of singlet molecular oxygen in solution by azomethine 
dyes. Smith, W.F.,Jr.; Herkstroeter, W.G.; Eddy, KL., 1. Am. Chern. 
Soc. 97: 2764-70 (1975) 

. ']57445 IGnetics and mechanism of nitroxyl radical formation during 
sensitized amine oxidation. Ivanov, V.B.; Shlyapintokh, v.Ya.; 
Khvostach, O.M.; Shapiro, A.B.; Rozantsev, E.G., J. Photochem. 4: 

313-9 (1975) 

757485 Photodynamic sensitization by 8-methoxypsoralen via the singlet 
oxygen mechanism. Poppe, W.; Grossweiner, L.I.. Photochem. 
Flwrobtol. 22: 217-9 (197.5) 

757558 An experimental approach to the estimation of diffusive 
displacement parameters for bimolecular reactions in solution. Stevens, 
B.; Williams, R.R., Chem. Phys. Lett. 36: 100-5 (1975) 

757578 Singlet molecular oxygen and superoxide radical anion. 
Rosenthal, I., Isr. 1. Chern. 13: 86-90 (1975) 

757623 Reactions of singlet oxygen III. Dye sensitized oxidation· of 
phenothiazine. Nathll Ram: Bansal. W.R.: Uppal. S.S.: Sidhu. K.S .. 
Proceedings of the Symposium on Singlet Molecular Oxygen, Bhabha 
At. Res. Cent., Bombay, 10-13 Feb 1975, p.141-52 

75F652 Dye-sensitized photooxygenation of tert-butylpyrroles. Lightner, 
D.A.; Pak, C. S.,J. Ors. Cham. <to: 27248 (1975) . 

75F653 Chemistry of singlet oxygen. XXII. Photooxidation of nitrones. 
Ching, T.-Y~; Foote, C.S.,.Tetrahedron Lett. : 3771-4 (1975) 

75F654 Effect of the aggregate state of the medium on singlet oxygen 
quenching. Bystritskaya, E.V.; Karpukhin, O.N., Dokl. Phys. Chem. 
221: 353-6· (1975) Translated from: Dokl. Akad. Nauk SSSR 221: 1100-3 
(1975) . 

75F655 New method for the mass spectrometric study of the kinetics of 
molecular oxygen consumption in liquid-phase photooxidation 
processes. Zolotoi,N.B.; Karpov, G.V.; Skurat, V.E., Kinet. Caral. 16: 
1229-35 (1975) Translated from: Kinet. Katal. 16: 1415-22 (1975) 

75F656 Chemi!;try of singlet oxygen. XX. Mechanism of the sensitized 
photo oxidation of enamines. Foote, C.S.; Dzakpasu, A.A.; Lin, J.W.-P., 
Tetrahedron Lett. : 1247-50 (1975) 

75F669 Mechanism of photo-oxidation of the porphyrins by oxygen. 
Byteva, I.M.; Gurinovich, G.P.; Petsol'd, O.M., Biophysics 20: 48-52 
(1975) Translated from: Biofizika20: 51-5 (1975) 

. 763011 The photoperoxidation of unsaturated organic molecules. XV. 
0 2

1 Ag quenching by bilirubin and biliverdin. Stevens, B.; Small, 
R.D.,Jr.,rfwTOchem. FhoTObiol. 23; 33-6 (1976) 

766072 Chemistry of superoxideion. III. Quenching of singlet oxygen. 
Guiraud, H.J.; Foote, C.S.,}. Arn. Chem. Soc. 98: 1984-6 (1976) 

767041 IGnetic aspects of dye-sensitized photo-oxygenation. Brkic, D.; 
Forzatti, P.; Pasquon, 1.; Trifiro, P., J. Photochern. 5: 23-32 (1976) 

767071 Direct and sensitized photooxidation of cyanine dyes. Byers, 
G.W.; Gross, S.; Henrichs, P.M., Photochem. Photobiol. 23: 37-43 
(1976) 

767105 On the mechanism of the acridine orange sensitized 
photodynamic inactivation of lysozyme. I. Basic kinetics. Schmidt, H.; 
Rosenkranz, P., Z Natuiforsch., C, Biasci. 31: 29-39 (1976) 

767126 The quenching effect of iodide ion on singlet oxygen. Rosenthal, 
I.; Primer, A, Photochem. Photobiol. 23: 209-11 (1976) 

767197 Photooxidation of benzophenone oxime and derivatives. 
Wamser, C.C.; Hening, J.W., 1. Org. Chern. 41: 1476-7 (1976) 

767247 The photosensitized fonnation and reaction of singlet oxygen, 
O2*(1.6), in aqueous micellar systems. Gonnan, A.A.; Lovering, G.; 
Rodgers, M.A.J., Photochem. Photobiol. 23: 399-403 (1976) 

767422 Photoperoxidation of unsaturated organic molecules. 16. 
Excitation energy fission. Stevens, B.; Ors, J.A., 1. Phys. Chern. 80: 
2164-5 (1976) 

767570 Photoperoxidation of heterocoerdianthrone in different solvents. 
Wagener, H.; Brauer, H.-D., Mol. Photochem. 7: 441-64 (1976) 

76F900 Nitro:\lo ~omPOllnd:\l ann am nioxine~ a~ qllenchen:: of ~inglet 

oxygen (l.6g) and sensitizer triplet states. Singh~ P.; Ullman, E.F., J . 
Am. Chern.Soc. 98: 3018-9 (1976) 

76F902 Physical properties of singlet oxygen in fluid solvents. 
Wilkinson, F., Singlet Oxygen, Reactions with Organic Compounds and 
Polymers, B.Ranby and J.P. Rabek (eds.), John Wiley & Sons, New 
York, N.Y., 1976, p.27-35 

76F903 The mechanism ·of quenching of singlet oxygen. Young, R.H.; 
Brewer, D.R., Singlet o.xygen, Reactions with Organic CumpoufUJs aftd 

Polymers, B. Ranby and J.F. Rabek (eds.), John Wiley & Sons, New 
York, N.Y., 1976, p36-47 

76F909· Singlet oxygl.:n reactions with polyisoprene model molecules: 4-
methyl-4-octene and 4,~-dimethy1-4,8-dodecadiene. Chaineaux, J.; 
Tanielian, C., Singlet Oxygen, Reactions with Organic Compounds and 
Polymers, B. Runby and J.F. Rabek (eds.), John Wiley. & Sons, New 
York, N.Y., 1976, p.l64.-73 

76F921 Antioxidants and stabilizers. LXV. Contribution to the 
investigation of sensitized photooxidation of phenolic antioxidants. 
Quenching of singlet oxygen with stilbenequinoid compounds. TOOme, 
L.; Pospisil,J.,Angew. Makromol. Chern. 52: 31-8 (1976) 

777055 Concerning the use of amines as probes for participation of 
singlet oxygen in dye-sensitised oxygenation reactions. Davidson, 
R.S.; Trethewey, KR., 1. Chern. Soc., Perkin Trans. 2: 178-82 (1977) 

777074 Anthracene sulphonate sensitized photooxidation of iodide ion in 

aqueous solution via singlet oxygen. Rohatgi-Mukherjee, KK; Gupta. 
A.K., Chem. PhYs. Lett. 46: 368-71 (1977) 

777113 lntennediates in the decomposition of aliphatic diazo-
compounds. Part 13. Mechanistic studies on the reaction of 
diaryldiazomethanes with singlet molecular oxygen. Bethell, D.; 
McKeivor, R.,l. Chem. Soc., Perkin Trans. 2: 327-33 (1977) 

777129 The singlet oxygen reactivity· of biliverdin. Matheson, lB.C.; 
Toledo, M.M., Photochem. Photobiol. 25: 243-8 (197'1) 

777162 Interaction between singlet oxygen (Itlg) and model compounds 
for polymers. A flash photolytic study. Bortolus, P.; Dellonte, S.; 
Beggiato, G.; Corio, W., Eur. Polym.l. 13:.185-8 (1977) 

777176 Die Kinetik der selbst-sensibilisierten Photooxidation des 
Heterocoerdianthrons im bereich niedriger Konzentrationen. Drews, 
W.; Schmidt, R.; Brauer, H.-D.,J. Photochern. 6: 391-403 (1976177) 

777721. Energy transfer from luminescent transition metal complexes to 
oxygen. ·Demas, J.N.; Harris, E.W.; McBride,R.P., 1. Am. Chem. Soc. 
99: 3547-51 (1977) 

777240 Dye sensitized photooxidation of chlorpromazine. Rosenthal, I.; 
Bcrcovid, T., Fdmcr, A., J. IIeteroc;;yd. Chem. 14: 355-7 (1977) 

777378 Products fonned by photosensitized oxidation of unsaturated fatty 
acid esters. Terao, J.; Matsushita, S.,l. Am. Oil Chem. Soc. 54: 234-8 
(1977) 



920 WILKINSON, HELMAN, AND ROSS 

777433 Chemistry of singlet oxygen. XXV. Photooxygenation of 
methionine. Sysak, P.K.; Foote, C.S.; Ching, T.-Y., Photochem. 
Photobiol. 26: 19-27 (1977) 

777486 Quenching of singlet oxygen by aliphatic amines. Monroe, B.M., 
J. Phys. Chem. 81: 1861-4 (1977) 

777489 Mechanisms of the photosensitized oxidation of tyramine. Seely, 
G.R., Photochem. Photobiol. 26: 115-23 (1977) 

777645 Reaction of singlet oxygen with 4-methyl-2,3-dihydro-y-pyrans. 
Frimer, A.A.; Bartlett, P.D.; Boschung, A.F.; Jewett, J.G., J. Am. Chem. 
Soc. 99: 7977-86 (1977) 

77E617 Photoluminescence of singlet oxygen in solutions of chlorophylls 
and pheophytins. Krasnovsky, A.A.,Jr., Biophysics 22: 960-2 (1977) 
Translated from: Biojizika 22: 927-8 (1977) 

77F794 Studies on the sensitized photooxidation of 1,3-dithiol-thiones
(2). Fanghaenel, E.; Lutze, G., J. Prakt. Chem. 319: 875-82 (1977) 

77F858 Quenching effect of tocopherols on the methyl linoleate 
phuLUuxidalion and their oxidation products. Yamauchi, R.; 
Matsushita, S.,Agric. Bioi. Chem. 41: 1425-30 (1977) 

77F876 I. A study of the kinetics of the 1,2-cycloaddition of singlet 
oxygen to vinyl ethers. II. An investigation of the reaction of singlet 
oxygen with adamantylideneadamantane. Faler, G.R., Ph.D., Thesis, 
Wayne State Univ., Detroit, MI, 1977, 157p. 

78AOO5 Rates of reaction of singlet oxygen with ole tins. Monroe, B.M., 
J. Phys. Chem. 82: 15-8 (1978) 

78A171 Chemistry of singlet oxygen. XXVI. Photooxygenation of 
phenols. Thomas, MJ.; Foote, C.S., Photochem. Photobiol. 27: 683-93 
(1978) 

78A174 Production and reaction of singlet oxygen in aqueous micellar 
solutions using pyrene as photosensitizer. Miyoshi, N.; Tomita, G., Z 
Naturjorsch., Teil B 33B: 622-7 (1978) 

78A227 Mechanisms of chlorine oxidation of hydrogen peroxide. Held, 
A.M.; Halko, DJ.; Hurst, J.K., J. Am. Chem. Soc. 100: 5732-40 (1978) 

78A266 Kinetics and mechanism of the interaction of sterica1ly hindered 
phenols with singlet oxygen. Snyakin, A.P.; Samsonova, L.V.; 
Shlyapintokh, V.Ya.; Ershov, V.V., Bull. A cad. Sci. USSR, Div. Chem. 
Sci. 27: 46-52 (1978) Translated from: Izv. Akad. Nauk SSSR, Ser. Khim. 
: 55-61 (1978) 

78A275 Photoperoxidation of anthracene sulphonates. Gupta, A.K.; 
Singh, B.P.; Rohatgi-Mukherjee, K.K., J. Indian Chem. Soc. 55: 382-5 
(1978) 

78A278 On the reactivity of singlet oxygen in aqueous micellar systems. 
Barboy, N.; Kra1jic, I., J. Photochem. 9: 336-7 (1978) 

78A338 Photo-oxidation of tryptophan SCllsilia;d by methylene blue. 
Smith, GJ., J. Chem. Soc., Faraday Trans. 274: 1350-4 (1978) 

78A344 Singlet oxygen reactions with model compounds of cis and trans 
polyisoprene containing two units. Tanielian, C.; Chaineaux, J., J. 
Photochem. 9: 1~~32 (l':l7l:l) 

78A357 Singlet oxygen reactions with 2,7~dimethyl-2,6-octadiene. 

Tanielian, C.; Chaineaux, J., Photochem. Photobiol. 28: 487-92 (1978) 

78A360 . Determination of singlet oxygen rate cnm:tant~ in aqueous 
solutions. Kra1jic, I.; Sharpatyi, v.A., Photochem. Photobiol. 28: 583-6 
(1978) 

78E036 The fate of oxygen in the quenching of excited singlet states. 
Merkel, P.B.; Herkstroeter, W.G., Chem. Phys. Lett. 53: 350-4 (1978) 

78E143 The lifetime of singlet oxygen (l6.g) in heavy water, a revised 
value. Matheson, I.B.C.; Lee, J.; King, A.D., Chem. Phys. Lett. 55: 
49-51 (1978) 

78EI44 Lifetime and reactivity of singlet oxygen in an aqueous micellar 
system: A pulsed nitrogen laser study. Gorman, A.A.; Rodgers, M.AJ., 
Chem. Phys. Leu. 55: 52-4 (1978) 

78E238 Deactivation of singlet oxygen and triplet pentacene by transition 
meta1 complexes. Furue, H.; Russell, K.E., Can. J. Chem. 56: 1595-601 
(1978) 

78E263 A pulse radiolysis study of the triplet sensitized production of 

singlet oxygen: determination of energy transfer efficiencies. Gonnan. 
A.A.; Lovering, G.; Rodgers, M.AJ., J. Am. Chem. Soc. 100: 4527-37 
(1978) 

78E881 Luminescence of singlet oxygen during energy transfer from 
photoexcited pigments in solution. Krasnovsky, A.A.,Jr., Izv. Alwd 
Nauk. SSSR, Ser. Fiz. 42: 343-8 (1978) Translated from: Bull. Acad. Sci 
USSR, Phys. Ser. 42: 96-100 (1978) 

78E892 Quenching of luminescence of singlet oxygen by porphyrins and 
meta110porphyrins. Krasnovsky, A.A.,Jr.; Venediktov, E.A., Biophysjo 
23: 294-6 (1978) Translated from: Biojizika 23: 387-9 (1978) 

78F020 On the reaction of singlet molecular oxygen with N-a11yIthiourcil 
in aqueous solution. Kraljic, I.; Kramer. H.E.A., Photochem. Photobioi. 
27: 9-12 (1978) 

78F061 Kinetic studies of photosensitized oxygenation by singlet oxygen 
in aqueous micellar solutions. Usui, Y.; Tsukada, M.; Nakamura, H., 
Bull. Chern. Soc. Jpn. 51: 379-84 (1978) 

78Fl49 Reaction of singlet oxygen with 2-methylnorbornadiene and 2-
methylidenenorbomene. Evaluation of electronic and steric effects Oil 

the course of hydroperoxidation. Jefford, C.W.: Rimbault, C.G., J. Org. 
Chem. 43: 1908~12 (1978) 

78F183 Solvent effect on photosensitized oxidation of iodide ion by 
anthracene sulphonates. Gupta, A.K.; Rohatgi·Mukherjee, K.K., 
Photochem. Photobiol. 27: 539-43 (1978) 

78F201 An investigation of retina1 as a source of singlet oxygen. 
Delmelle, M., Photochem. Photobiol. 27: 731-4 (1978) 

78F276 Electronic energy transfer from singlet molecular oxygen to 
carotenoids. Wilkinson, F.; Ho, W.-T., Spectrosc. Lett. 11: 455-63 
(1978) 

78F290 Reaction of singlet oxygen with a norbomadienol ether. 
Intramolecular interception of a zwitterionic peroxide. Jefford, C.W.; 
Rimbault, e.G.,J.Am. Chem. Soc. 100: 6515-6 (1978) 

78F404 Protection of chlorophyll a by carotenoid from photodynamic 
decomposition. Koka, P.; Song, P.-S., Photochem. Photobiol. 28: 
509-15 (1978) 

78F430 Petits cycles. XL. Sur Ie mechanisme de formation des 
hydroperoxydes a1lyliques dans la reaction de I 'oxygene singulet avec 
les viny1cyclopropanes. Rousseau, G.; Le Perchec. P.; Conia, J.M., 
Tetrahedron 34: 3483-94 (1978) 

78F438 Photosensitized oxidation of pseudoazulenes. Timpe, G.I.; 
Klokova, E.M.; EI'tsov, A.V., J. Org. Chem. USSR 14: 625-30 (1978) 
Translated from: Zh. Org. Khim. 14: 673-9 (1978) 

78F464 Preference for syn ene additions of 102 to trisubstituted, acyclic 

oletins. Schulte·Elte, K.H.; Muller, B.L.; Rautenstrauch, V., Helv. 
Chim. Acta 61: 2777-83 (1978) 

78F474 Oxydation photochimique d'une amine tertiaire: la dregamine. 
Hcrlcm, D.; Ouanncs, C., Bull. Soc. Chim. Fr. ; 1-451·4 (1978) 

78F497 The quenching of singlet oxygen by complex 8a1ts of 0,0-
diarylphosphorodithioic acids. Edilashvili, I.L.; loseliani, K.B.; 
Dzhanibekov, N.F.; Markova, E.I.; Akhmed-zade, D.A., Russ. J. Phys. 
Chem. 52: 1197-8 (1978) Translated from: Zh. fiiz. Khim. 52: 2U7~:HSU 

(1978) 

78F549 Oxygen luminescence and sensitization of photooxidation 
reactions in solutions. Byteva, I.M.; Gurinovich, G.P.; Izbavitelev, S.P., 
J. Appl. Spectrosc. 29: 870-2 (1978) Translated from: Zh. Prikl. 
Spektrosk. 29: 156-8 (1978) 

78F586 Concerning the inhibition of singlet oxygen attack on compounds 
containing urazole rings. Kretschmer, G.; Paquette, L.A., Heterocycles 

11: 359-62 (1978) 

78F605 Chemiluminescence and the formation of singlet oxygen in the 
oxidation of certain polyphenols and quinones. Slawinska, D., 
Photochem. Photobiol. 28: 453-8 (1978) 

78F700 Production and quenching of singlet oxidation by retinals. 
Krasnovsky, A.A.,Jr.; Kagan, V.E., Dokl. Biophys. 241·243: 147-50 
(1978) Translated from: Dokl. Akad. Nauk SSSR 242: 229-32 (1978) 



RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION 921 

'" I :'1 ( II Singlet oxygen reactivity of bilirubin and related tetrapyrroles. 
!,lghtner, D.A.; Park, Y.-T., Experientia 34: 555-7 (1978) 

'. :,,()03 Photosensitized carcinogen degradation and the possible role of 
'Inglet oxygen in carcinogen activation. Greenstock, e.L.; Wiebe, 
IU1,Photochem. Photobiol. 28: 863-7 (1978) 

'J:\()IO Photoluminescence of singlet oxygen in pigment solutions. 
K rasnovsky, A.A,Jr., Photochem. Photobiol. 29: 29-36 (1979) 

"}i\()50 Quenching of singlet oxygen by nickel complexes. Monroe, 
Il.M.; Mrowca, J.J., J. Phys. Chem. 83: 591-5 (1979) 

"J;\ORS Rates of reaction of singlet oxygen with sulfides. Monroe, B.M., 
/'Jwtochem. Photobiol. 29: 761-4 (1979) 

"J/\086 Chemistry of singlet oxygen. XXVIII. Steric and electronic 
effects on the reactivity of sulfides with singlet oxygen. Kacher, M.L.; 
)o'note, C.S., Photochem. Photobiol. 29: 765-9 (1979) 

"}J\ 106 The entropy-controlled reactivity of singlet oxygen (ILlg) toward 
ll1rans and in doles in toluene. A variable-temperature study by pulse 
radiolysis. Gorman, A.A; Lovering, G.; Rodgers, M.AJ., J. Am. Chem. 
Soc. 101: 3050-5 (1979) 

'1)/\ 111 The absolute value of the reaction rate constant of bilirubin with 
singlet oxygen in D20. Matheson, I.B.e., Photochem. Photobiol. 29: 
K7"i-R (1979) 

")A 112 Chemical reaction rates of amino acids with singlet oxygen. 
Matheson, I.B.C.; Lee, l, Photochem. Photobiol. 29: 879-81 (1979) 

:'J/\ 113 Oxodipyrromethenes as reactive singlet oxygen acceptors. 
Measurement uf lheh dleullcal reaction rates by a laser flash photolysis 

technique. Matheson, I.B.e.; Lightner, D.A, Photochem. Photobiol. 
29: 933-5 (1979) 

. !1)/\241 Photochemistry and photooxidation of tetraphenyl-p-dioxin. 
George, M.V.; Kumar, C.V.; Scaiano, J.e., J. Phys. Chem. 83: 2452-5 
(1979) 

!')/\386 The question of the role of singlet oxygen in the dye-sensitised 
photo-oxygenation of a-oxo-carboxylic acids. Davidson, R.S.; 
Goodwin, D.; Smith, G.,J. Chem. Soc .• Chem. Commun. : 463-4 (1979) 

11)/\434 Mechanism of the antioxidant effect of some salts of 0,0-
diaryldithiophosphoric acids in photochemical reactions.· Ioseliani, 
K.B.; Edilashvili, I.L.; Dzhanibekov, N.F., lzv. Aknd. Nauk Gruz. SSR, 
Ser. Khim. 5: 334-9 (1979) 

I'} A457 Stereo reversed electrophilic additions to 3-norcarenes. Insight 
into the relative stericdemands of singlet oxygen in the ene reaction. 
Paquette, L.A.; Kretschmer, G., J. Am. Chem. Soc. 101: 4655-63 (1979) 

I'>E846 Duration of the luminescence of singlet oxygen in solution 
following pulsed laser excitation. Salokhiddinov, K.I.; Byteva, I.M.; 
Dzhagarov, B.M., Opt. Spectrosc. (USSR) 47: 487-90 (1979) Translated 
from: Opt. Spektrosk. 47: 8816 (1979) 

!l)E970 Investigation of the luminescence of oxygen in solutions by 
pulsed spectroscopy. . Byteva, I.M., J.' Appl Spectrosc. 31: 1041-3 
(1979) Translated from: Zh. Prikl. Spektrosk. 31: 333-5 (1979) 

)l)F051 Differentiation in singlet oxygenation rates of 2,3-diaryl-2-
butenes as a function of cis-trans isomerism. Adam, W.; Carballeira, 
N.; Cheng, C.-c.; Sakanishi, K.; Gleiter, R., J. Org. Chem. 44: 851-3 
(1979) 

NF074 Singlet oxygen reactions with model compounds of cis- and 
trans-polyisoprene containing one unit. Kinetic aspects. Tanielian, C.; 
Chaineaux, J.,J. Polym. Sci., Polym. Chem. Ed. 17: 715-29 (1979) 

7I)FI04 On the syntheses and singlet oxygen reactivity of 
oxodipyrromethene models for bilirubin. Lightner, D.A; Park, Y -T., 
Tetrahedron 35: 463-71 (1979) 

79F119 Effect of strain on singlet oxygen (102) reactions. 2. 
Photooxidation of methylenecyc1opropanes. Frimer, AA; Farkash, T.; 
Sprecher, M., J. Org. Chem. 44: 989-95 (1979) 

79F137 Photooxygenation of 3,3-dialkylsubstituted allyl alcohols. 
Occurrence of syn preference in the ene addition of l0 2 at ElZ-isomeric 
allyl alcohols. Schulte-Elte, K.H.; Muller, B.L.; Parningle, H., Helv. 
Chim. Acta 62: 816-29 (1979) 

79F148 The photoperoxidation of unsaturated organic molecules. XVIII. 
Malachite green and leucomalachite green. Stevens, B.; Kaplan, SJ., 
Mol. Photochem. 9: 205-11 (1979) 

79F155 Stereochemical dependence of isotope effects in the singlet 
oxygen-olefin reaction. Grdina, B.; Orfanopoulos, M.; Stephenson, 
L.M.,J.Am. Chem. Soc. 101: 3111-2 (1979) 

79F278 Photooxidatiion of azines. Evidence for a free-radical oxidation 
initiated by singlet oxygen. Landis, M.E.; Madoux, D.C., J. Am. Chern. 
Soc. 101: 5106-7 (1979) 

79F314 Fonnation of singlet molecular oxygen by 8-methoxypsoralen. de 
Mol, N.J.; Beijersbergen van Henegouwen, G.MJ., Photochem. 
Photobiol. 30: 331-5 (1979) 

79F315 Photochemical decomposition of 1,4-benzodiazepines 
Nitrazepam. Cornelissen, PJ.G.; Beijersbergen van Henegouwen, 
G.MJ., Photochem. Photobiol. 30: 337-41 (1979) 

79F412 The role of geminate reaction in the self-sensitized 
photooxidation of arylazonaphtholate dyes. Merkel, P.B.; Smith, 
W.F.,k,J. F'hys. Chew. 63; 2834-40 (1979) 

79F434 Mechanism of indole-singlet oxygen reactions. Interception of 
zwitterionic intermediates and "ene" reaction. Saito, I.; Matsugo, S.; 
Matsuura, T., J. Am. Chem. Soc. 101: 7332-8 (1979) 

79F463 Photosensitization and quenching of singlet oxygen by pigments 
and lipids of photoreceptor cells of the retina. Krasnovsky, AA.,Jr.; 
Kagan, V.E., FEBS Lett. 108: 152-4 (1979) 

79F473 PhotoOXY2enation product of dibenzora,jloerylene. Kaiiwara, T.; 
Fujisawa, S.; Ohno, K.; Harada, Y., Bull. Chern. Soc. Jpn. 52: 2771-7 
(1979) 

79F582 Contribution of singlet oxygen to the photofading of indigo . 
Kuramoto, N.; Kitao, T., J. Soc. Dyers Colour. 95: 257-61 (1979) 

79F646 Reaction of 102 with strained olefins. 3. Photooxidation of 
viny1cyclopropanes. Frimer, A.A; Roth, D., J. Org. Chem. 44: 3882-7 
(1979) 

79F816 The mechanism of the riboflavin sensitized photo destruction of 
mitomycin e. Ueda, K.; Mizunoya, T., J. Biochem. (Tokyo) 86: 857-62 
(1979) 

79F824 Mechanism of quenching of singlet molecular oxygen by 
porphyrins and their metal complexes. Venediktov, E.A.; Krasnovsky, 
A.A,Jr., /zv. lryssh. Uchebn. Zaved., Khim. Khim. Tekhnol. 22: 395-8 
(1979) 

79N020 Quenching of singlet oxygen by sodium azide in reversed 
micellar systems. Miyoshi, N.; Tomita, G., Z. Naturforsch., Teil B 348: 
339-43 (1979) 

79N041 Laser photolysis studies of singlet molecular oxygen in aqueous 
micellar dispersions, Lindig, RA.; Rodge.rs, M,AJ" I Phy.~ l:hem, 83: 

1683-8 (1979) 

80A041 Rate constants for the reaction of singlet oxygen with derivatives 
of p-aminobenzoic acid. Monroe, B.M., Biochem. Biophys. Res. 
Cummun. 93; 321-5 (1980) 

80A143 Kinetic and spectroscopic features of some carotenoid triplet 
states: Sensitization by singlet oxygen. Rodgers, M.AJ.; Bates, AL., 
Photochem. Photobiol. 31: 533-7 (1980) 

80A205 Determination of the lifetime of singlet oxygen in D20 using 
9,10-anthracenedipropionic acid, a water-soluble probe. Lindig, B.A; 
Rodgers, M.AJ.; Schaap, A.P., J. Am. Chem. Soc. 102: 5590-3 (1980) 

80A339 Singlet oxygen and spin trapping with nitrones. Harbour, l.R.; 
Issler, S.L.; Hair, M.L., J. Am. Chem. Soc. 102: 7778-9 (1980) 

80A398 Quenching of oxygen luminescence by electron acceptors and 
donors. Byteva. I.M.; Salokhiddinov, K.I., Opt. Spectrosc. (USSR) 49: 
387-90 (1980) Translated from: Opt. Spektrosk. 49: 707-13 (1980) 

80A430 Sensitized photo-oxidation of polyisoprene: Effect of the 
presence of hydroxy and hydroperoxy groups. Tanielian, e.; 
Chaineaux, J., Eur. Polym. J. 16: 619-22 (1980) 

80COO2 Photocalorimetric studies of singlet oxygen reactions. Olmsted, 
J.,m, J. Am. Chem. Soc. 102: 66-71 (1980) 



922 WILKINSON, HELMAN, AND ROSS 

80D076 On the production of nitroxide radicals by singlet oxygen 
reaction: an EPR study. Lion, Y.; Gandin, E.; Van de Vorst, A, 
Photochem. Photobiol. 31: 305-9 (1980) 

80E446 The role of anthraquinonoid dyes in the 'catalytic fading' of dye 
mixtures. Substituent-dependent triplet yield of 
diaminoanthraquinones. Rembold, M.W.; Kramer, H.E.A., J. Soc. 
Dyers Colour. 96: 122-6 (1980) 

80E548 Quenching of the luminescence of singlet molecular oxygen with 
complexes of porphyrins with highly charged metal ions. Venediktov, 
E.A; Krasnovsky, A.A.,Jr., Biophysics 25: 347-8 (1980) Translated 
from: Biojizika 25: 336-7 (1980) . 

80E549 Lifetime of singlet oxygen in different solvents. Byteva, I.M.; 
Salokhiddinov, K.I., Biojizika 25: 358 (1980) 

80E558 Photosensitized luminescence of singlet oxygen in solutions at 
1588 run. Salokhiddinov, K.I.; Dzhagarov, B.M.; Byteva, I.M.; 
Gurinovich, G.P., Chem. Phys. Lett. 76: 85-7 (1980) 

80E606 Direct observation of singlet oxygen by a thermal lensing 
technique. Fuke, K; Veda, M.; Itoh, M., Chem. Phys. Lett. 76: 372-4 
(1980) 

80E616 Laser induced fluorescence and relaxation of singlet molecular 
oxygen in the liquid phase. Protz, R.; Maier, M., J. Chem. Phys. 73: 
5464-7 (1980) 

80E761 Yield of singlet oxygen in the quenching of triplet states of 
aromatic compounds by molecular. oxygen. Ivanov, Y.B.; Kuprashvili, 
B.G.; Edilashvili, I.L., Khim. l»s. Energ. 14: 280-2 (1980) 

80FOO7 Mechanisms of photooxygenation. 1. Substituent effects on the [2 
+ 2J cycloaddition of singlet oxygen to vinyl ethers. Zaklika, K.A; 
Kaskar, B.; Schaap, AP., J. Am. Chem. Soc. 102: 386-9 (1980) 

80F020 Photoinduced reactions. 104. Photooxygenation of magnesium 
meso-tetraphenylporphyrin. Matsuura, T.; Inoue, K; Ranade, A.C.; 
Saito, I., Photochem. Photobiol. 31: 23-6 (1980) 

80F104 Nature of peroxy intermediates produced by the photosensitized 
oxygenation of diethyl sulfide and phenylbenzoyl diazomethane: 
Kinetic studies by co-oxidation with 4-mono substituted diphenyl 
sulfides. Ando, W.; Kabe, Y.; Miyazaki, H., Photochem. Photobio/. 31: 
191-4 (19&0) 

80Ft11 Reaction of singlet oxygen with u,~-unsaturated ketones and 
lactones. Ensley, H.E.; Carr, R.V.c.; Martin, R.S.; Pierce, T.E., J. Am. 
Chem. Soc. 102: 2836-8 (1980) 

~Ut"l51 Ein neues photochromes System von ungewoehnlich hoher 
thermischer Stabilitaet. Brauer, H.-D.; Drews, W.; Schmidt, R., J. 
Photochem. 12: 293-304 (1980) 

80F169 f)-Carotene inhibited photooxidation of polystyrene. 1. Effect of 
~-carotene on photochemical reactivity of anthracene in hexane 
solution. Nowakowska, M., Makromol. Chem. 181: 1013-20 (1980) 

80F204 The. photooxidation of mono- and dimethyl naphthalenes by 
singlet oxygen. van den Henvel, C JM " Steinberg, H.: de Boer, Th.J., 
Reel. Trav. Chim, Pays.-Bas 99: 109-13 (1980) 

80F427 Reactions of singlet oxygen. Part V. Dye sensitized 
photooxidation of m-hydroxydiphenylamine. Ram, N.~ Sidhu, K.S., 
Can. J. Chem. 68: 2073 9 (1980) 

80F548 Singlet oxygen photo-oxidation of some triazapentalenes. Albini, 
A; Bettinetti, G.P.; Minoli, G.; Pietra, S., J. Chem. Soc .. Perkin Trans. 1 
: 2904-8 (1980) 

~Ut"bj4 Mechanism of the photofading of dye. Contribution of singlet 
oxygen in the catalytic fading of anthraquinone dye mixtures. 
Kuramoto, N.; Kitao, T., J. Chem. Technol. Biotechnol. 30: 129-35 
(1980) 

80F7I8 Photochemical processes of 2,6-di-tert-butyl-4-methylphenoI. 
Nowakowska, M.; Kowal, J., Eur. Polyrn. J. 16: 615-8 (1980) 

80M378 Controlled generation of singlet oxygen at low temperatures 
from triphenyl phosphite ozonide. Ral1iett. pn: Mendenhall, GD.; 
Durham, D.L.,J. Org. Chem. 45: 4269-71 (1980) 

80NOI8 Photophysical and photosensitized generation of singkl 
molecular oxygen (1 ~g) in micellar solutions at elevated pressure!> 
Measurement of singlet molecular oxygen solvent to micelle transkl 
rates via both molecular diffusion and energy transfer. Matheson, 
I.B.C.; Massoudi, R., J. Am. Chem. Soc. 102: 1942-8 (1980) 

80N021 Fluorescein-photosensitized furan oxidation in methanolic and 
reversed micellar solutions. Part II. Kinetic analysis. Miyoshi, N.: 
Tomita, G., Z. Naturjorsch .• Teil B 358: 107-11 (1980) 

80ROn On the feasibility of electron transfer to singlet oxygen frolll 
mitochondrial components. Peters, G.; Rodgers, M.A.J., Biochem 
Biophys. Res. Commun. 96: 770-6 (1980) 

80R116 Retinal-sensitized photochemiluminescence of trypsin solutions 
and the effect of3-hydrooxypyridine on it. Shiryaev, V.M.; Fedorovich. 
I.B.; Sapezhinskii, I.I.; Khristophorov, V.L.; Kuz'min, V.I.~ Smirnov. 
L.D., Biophysics 25: 454-61 (1981) Translated from: Biojizika 25: 

439-45 (1980) 

81Al91 Single-electron transfer from NADH analogues to singlet oxygen. 
Peters, G.; Rodgers, M.A.J., Biochim. Biophys. Acta 637: 43-52 (1981) 

8lA287 Time-resolved determinations of deuterium isotope effects Oil 

02(1~g) lifetimes in solution. Peters, G.; Rodgers, M.AJ., J. Am. Chem. 
Soc. 103: 6759-61 (1981) 

81A327 lA-Dihydropyridine derivatives as deactivators of single! 
oxygen. Tirzitis, G.; Byteva, I.M.; Salokhiddinov, K.I.; Gurinovich. 
G.P.; Dubure, G., Chem. Heterocyc1. Compd. : 682-4 (1981) Translated 
from: Khim. Geterotsikl. Soedin. : 924-6 (1981) 

8lA363 Rates of reaction of singlet oxygen with some systemic 
pyrimidine fungicides and related compounds. Harkness, G.l.; Wells. 
C.H.J.,Pestic. Sci. 12: 215-8 (1981) 

81A403 Photooxidation ofarylazonaphthols with singlet oxygen. Becker. 
H.G.O.; Franze, J., J. Prakt. Chem. 323: 957-64 (1981) 

81 A422 Oxidation of NADH by singlet oxygen generated by triplet 
flavin. Vekshin, N.L.; Mironov, G.P., Biophysics 26: 974-81 (1981) 
Translated from: Biojizika 26: 953-9 (1981) 

81A437 Electronic control of stereoselectivity. 8. The stereochemical 
course of electrophilic additions to aryl-substituted 9-
il!tujJ1UjJyliuclldJclIl.ullucuumcncs. PayucllC::, L.A.; ReneI, L.W.; Gleiter, 
R.; Boehm, M.C.~ Beno, M.A.; Christoph, 0.0., J. Am. Chern. Soc. 103: 
7106-21 (1981) 

81 E003 Reactivity of singlet oxygen toward strained substrates and a 
novel non-photochemical method tor determination of quenching 
constants of singlet oxygen. TUITo, N.J.; Chow, M.-F.: Kanfer, S.; 
Jacobs, M., Tetrahedron Lett. 22: 3-6 (1981) 

81E398 Lifetime of singlet oxygen in different solvents. Salokhiddinov, 
K.I.; Byteva, I.M.; Gurinovich. G.P., J. Appl. Spectrosc. 34: 561-4 
(1981) Translated from: Zh. Prikl. Spektrosk. 34: 892-7 (1981) 

81 E4 72 Study of the sensitized luminescence of singlet oxygen in 
solutions in the 1588 nm region. Salokhiddinov. K.I.: Byteva. I.M.: 
Dzhagarov, B.M.; Gurinovich, G.P., J. Appl. Spectrosc. 35: 888-91 
(1981) Translated from: Zh. Prikl. Spektrosk. 35: 2804 (1981) 

81E631 Detennination of radiative lifetime of the 1 t:..g state of oxygen in 
solutions. Krasnovsky, A.A.,Jr., SOl'. Phys. Dokl. 26: 425-6 (1981) 

Translated from: Dokl. Akad. Nauk SSSR 257: 1360-2 (1981) 

81 E704 Energy transfer processes accompanying laser excitation of 
hematoporphyrin in various solvents. Parker, J.G.; Stanbro, W.D., 
JO/UiS Ilopkins APLTech. Dig. 2; }96-9 (1981) 

81F018 Syn regioselectivity of the hydroperoxidation of cyc1o-alkenes 
with singlet oxygen. Jefford, C.W.; Rimbault, C.G., Tetrahedron Lett. 
22: 91-4 (1981) 

81F043 Kinetic studies of self-sensitized photooxygenation in H20 and 
D20 of a water-soluble rubrene derivative. Aubry, J.M.; Rigaudy, J.; 
Chuong, N.K., Photochem. Photobiol. 33: 155-8 (1981) 

81F311 Nucleophilic oxygen atom transfer reactions by persulfoxide and 
persulfone. Sawaki, Y.; Ogata.,. Y., J. Am. Chern. Soc. 103: 5947-8 
(1981) 

81F321 Quenching of singlet oxygen by sensitizer in dye~sensitized 
photooxygenation. Tanielian, c.: Golder, L. PhotochRm. Phntobiol. 94' 

4114 (1981) 



RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION 923 

"HFJM Photoperoxidation of unsaturated organic molecules. 21. 
Sensitizer yields of O2 Iflg• Stevens, B.; Marsh, K.L.; Barltrop, l.A, J. 
'·hys. Chem. 85: 3079-82 (1981) 

~ 11;445 Rate constants for the reaction of singlet oxygen with conjugated 
dienes. Monroe, B.M., J. Am. Chern. Soc. 103: 7253-6 (1981) 

;\11"534 The mechanism of ene-reactions with singlet oxygen, 102 (lflg): 
. Dependence of rates on solvent polarity and structure. Gollnick, K.; 

Hartmann, H.; Paur, H., Oxygen and Oxy-Radicals in Chemistry and 
Ilio[ogy, M.A.J. Rodgers and E.L. Powers (eds.), Academic Press, New 
York, NY, 1981, p.379-95 

... ~ I F582 Solvent effect in reaction of singlet oxygen with conjugated 
dienes. Matsumoto, M.; Kuroda, K, Synth. Commun. 11: 987-92 (1981) 

.~ I F609 Formation of singlet oxygen by photoexcitation of substituted 
aromatic azo compounds in oxygenated solution. Gruen, H.; Steffen, 
H.; Schulte~Frohlinde, D., J. Soc. Dyers Colour. 97: 430-5 (1981) 

~ I F622 Intermediates in the reactions of oxazoles with singlet oxygen. 
Wasserman, H.H.; Pickett, J.E.; Vinnick, F.S., Heterocycles 15: 1069-73 
(]981) .. 

~I N048 Rate parameters for the quenching of singlet oxygen by water
soluble and lipid-soluble substrates in aqueous and micellar systems. 
Lindig, B.A; Rodgers, M.A.J., Photochem. Photobiol. 33: 627-34 
(1981) 

to; I ROll On the acridine and thiazine dye sensitized photodynamic 
inactivation of lysozyme-singlet oxygen self-quenching by the 
sensitizers. Schmldt, H.; AI-Ibrahim, A; Dietzel, U.; Bieker, L., 
Photochem. Photobiol. 33: 127-30 (1981) 

Ii 1 R052 Relation between some photobiological propertites of 
furocoumarins and their extent of singlet oxygen production. de Mol, 
N.J.; Beijersbergen van Henegouwen, G.MJ., Photochem. Photobiol. 
33: 815-9 (1981) 

HI Z251 Rate constants for the decay and reactions of the lowest 
electronically excited singlet state of molecular oxygen in solution. 
Wilkinson, F.; Brummer; J.G., J. Phys. Chem. Ref. Data 10: 809-999 
(1981) 

H2A059 Steric aspects of the oxidation of thioketones by singlet oxygen. 
Ramnath, N.; Jayathertha Rao, V.; Ramesh, V.; Ramamurthy, V., Chem. 
Lett. : 89-Y2 (1982) 

H2A080 Chemistry of singlet oxygen. 37. One-electron oxidation of 
tetramethylphenylenediamine by singlet oxygen. Manring, L.E.; Foote, 
C.S.,J. Phys. Chem.86: 1257-9 (l982) 

82A093 Rates of oxidation of thioketones by singlet oxygen. Ramesh, V.; 
Rainnath. N.; Jayathertha Rao, V.; Ramamurthy, V., J. Photochem. 18: 
109-15 (1982) 

R2A140 Lifetime of singlet oxygen and quenching by NaN, in mixed 
solvents. Miyoshi, N.; Ueda, M.; Fuke, K; Tanimoto, Y.; Itoh, M.; 
Tomita, G., Z Naturforsch., Teil B 37B: 649-52 (1982) 

82A179 Photoperoxidation of unsaturated organic molecules. 22. 
Tctraphcnylcyclopentadicnonc. . Stevens, D.; Marsh, K.L., J. Phys. 

Chern. 86: 2553-6 (1982) 

82A204 Crocetin, a water soluble carotenoid monitor for singlet 
molecular oxygen. Matheson, I.B.C.; Rodgers, M.A.J., Photochem. 
Photobiol. 36: 1-4 (1982) 

82A291 Mechanism of dye-sensitized photo oxidation of tryptophan, 
tryptamine, and their derivatives. Singlet oxygen process in 
competition with type I process. Inoue, K.; Matsuura, T.; Saito, I., Bull. 
Chem. Soc. Jpn. 55: 2959-64 (1982) 

82A322 Photoperoxidation of unsaturated organic molecules. 24. Mixed 
solvent quenching of 02(lflg) phosp·horescence. Stevens, B.; Marsh, 
KL., J. Phys. Chem. 86: 4473-6 (1982) 

82A349 Time-resolved study of the solvent and temperature dependence 
of singlet oxygen( 1 ~g) reactivity toward enol ethers: Reactivity 
parameters typical of rapid reversible exciplex formation. Gorman, 
kA.: Gould, LR; Hamhlett, LJ Am. rhl'm_ Sn('_104: 709R-l04 (19&2) 

82A384 Generation and quenching of the luminescence of singlet 
molecular oxygen by anthraquinone dyes. Venediktov, E.A.; 
Krasnovsky, A.A.,Jr., Opt. Spectrosc. (USSR) 52: 338-9 (1982) 
Tronsluted from: Opt. Spcktrosk. 62: 5679 (1982) 

82A412 The quenching of the sensitised luminescence of molecular 
oxygen by transition metal complexes of different structures. Byteva, 
l.M.; Salokhiddinov, KJ.; Bondarev, S.L., Russ. J. Phys. Chem. 56: 
1056-9 (1982) Translated from: Zh. Fiz. Khim. 56: 1743-7 (1982) 

82A421 Quenching of singlet oxygen with chlorophylls and porphyrins. 
Krasnovsky, A.A,Jr.; Venediktov, E.A.; Cherenko, O.M., Biophysics 
27: 1009-16 (1982) Translated from: Biojizika 27: 966-72 (1982) 

82A464 Kinetics of dye-sensitized photodegradation of aqueous phenol. 
Okamoto, K.; Hondo, F.; Itaya, A.; Kusabayashi. S., J. Chem. Eng. Jpn. 
15: 368-75 (1982) 

82E072 Laser photolysis study of the mechanism of rubrene quenching by 
molecular oxygen. Dannanyan, AP., Chem. Phys. Lett. 86: 405-10 
(1982) 

82E104 Lifetime of singlet oxygen in solution directly determined by 
laser spectroscopy. Hurst. J.R.; McDonald, J.D.; Schuster, G.B .• 1. Am. 
Chem. Soc. 104: 2065-7 (1982) 

82E105 Optical determination of the collisional lifetime of singlet 
molecular oxygen [02e ~g)J in acetone and deuterated acetone. Parker, 
J.G.; Stanbro, W.D., J. Am. Chem. Soc. 104: 2067-9 (1982) 

82EI06 Chemistry of singlet oxygen. 36. Singlet molecular oxygen (lflg) 
luminescence in solution following pulsed laser excitation. Solvent 
deuterium isotope effects on the lifetime of singlet oxygen. Ogilby, 
P.R.; Foote. C.S.,J. Am. Chem. Soc. 104: 2069-70 (1982) 

82E329 Solvent and deuterium isotope effects on the lifetime of singlet 
oxygen determined by direct emission spectroscopy at 1.27 fJ.m. Jenny, 
T.A.; Turro, N.J., Tetrahedron Lett. 23: 2923-6 (1982) 

82E575 Non-exponential decay of the fluorescence from the l.ig state in 
liquid oxygen at high excitation intensities. Klingshirn, H.; 
Faltermeier, B.; Hengl, W.; Maier, M., Chem. Phys. Lett. 93:.485-9 
(1982) 

82F018 Mechanisms for the photooxidation of protoporphyrin IX in 
solution. Cox, G.S.; Whitten. D.G., J. Am.Chem. Soc. 104: 516-21 
(1982) 

82F068 Wavelength dependent and adiabatic photochemistry of 
endoperoxides of aromatic hydrocarbons. Schmidt, R; Drews. W.; 
Brauer, H.-D., Z Natuiforsch., Teil A 37A: 55-7 (1982) 

82FI02 The effect of solvent on competing hydroperoxide and dioxetane 
formation on photo-sensitized oxygenation of olefins, . Jefford, C.W.; 
Kohnioto, S.,He/v. Chim. Acta 65: 133-6 (1982) 

82F357 Chemistry of singlet oxygen. 38. Temperature· effect on the 
photooxldation of sulfides.· Gu, C.-L.; Foote. C.S., J. Am. Chem. Soc. 
104: 6060-3 (1982) 

82F379 A new water-soluble singlet oxygen probe. Giraud, M.; Valla. A.; 
Buin, M.;Santus, R.; Mornzikoff, A., J. Chem. Soc., Chem. Commun. : 
1147-8 (1982) 

82F446 Wavelength-dependent photostable or photoreversible 
photochromic system. Schmidt, R; Drews, W.; Brauer, R-D .• J. Phys. 
Chem. 86; 4909-13 (1982) 

82F450 Effects of remote substitution on the photo-oxidation of exocyclic 
s-cis-butadienes grafted onto bicyclo[2.2.1]heptanes. Thermal and 
rhodium catalyzed rearrangements of· 3,6-dihydro-l,2-dioxines. 
Hagenbuch, J.-P.; Birbaum, J.-L.; MetraI, J.-L.; Vogel, P., /1elv. Chim. 

Acta 65: 887-95 (1982) 

82F525 Photoreaction of crystal violet in solution. Nakamura, R.; Rida, 
M., Sen'i Gaklwishi 38: Tl83-Tl90 (1982) 

82F531 Physiochemical study of a series of cyanines. Part V. 
Photodegradation mechanism. Lougnot, D.J.; Lepaja, S.; Fouassier, 
J.P., J. Chim. Phys. Phys .• Chim. BioI. 79: 617-28 (1982) 

~2N021 Oxygen tram:fer rMf"_~ l'l~rn!:.\': water-mlr:elle lnterfl'lcp.!I: derived 

from measurements of Ni2+ quenching of singlet molecular oxygen· in 
aeroso]-OT-heptane reverse micelles. Matheson, .··lB.C.; Rodgen;, 
M.A.J., J. Phys. Chem. 86: 884-7 (1982) 

82N027 A looer Booh kinetic spectrophotometric examination of the 
dynamics of singlet oxygen in unilammellarvesicles; Rodgers, M.AJ.; 
Bates, AL., Photochem. PhotobioJ. 35: 473-7 (1982) 

..... - --:. .... _,It .... _..L_ •• _1 ft. "1_ " -tnnt: 



924 WILKINSON, HELMAN, AND ROSS 

82N064 Micellar photochemistry. Photooxidations with intramiceIlar
generated singlet oxygen. Hovey, M.C., J. Arn. Chem. Soc. 104: 
4196-202 (1982) 

83AOO6 Studies on the interactions of transient species formed 'in liquid 
phase oxidation of hydrocarbons by laser flash photolysis. I. 
Interactions of singlet oxygen with ethylbenzene and with products of 
the oxidation of ethylbenzene. Darmanyan, A.P.; Vidoczy, T.; lrinyi, 
G.; Gal, D., Oxid. Cornmun. 3: 15-24 (1983) 

83A026 Reaction of singlet oxygen with enol esters: A new path 
implicating a dipolar intermediate. Wilson, S.L.; Schuster, G.B., J. Am. 
Chem. Soc. 105: 679-81 (1983) 

83A050 Thermal lensing study of singlet oxygen reactions. Fuke, K.; 
Ueda, M.; Itoh, M.,J. Am. Chem. Soc. 105: 1091-6 (1983) 

83A063 Quenching of singlet oxygen by 1,3,5-triaryl-2-pyrazolines. 
Ando, W.; Sato, R; Yamashita, M.; Akasaka, T.; Miyazaki, H., J. Org. 
Chern. 48: 542-6 (1983) 

83A078 Photosensitized oxygenation of oligoisoprenes. Tanielian, c.; 
Chaineaux, J.,J. Photochem. 21: 265-73 (1983) 

83A094 Fonnation of superoxide ion via one-electron transfer from 
electron donors to singlet oxygen. Saito, I.; Matsuura, T.; Inoue, K., J. 
Am. Chem. Soc. 105: 3200-6 (1983) 

83A205 L Ascorbic acid quenching of singlet dcltll molcL:uli:1.I uxygen in 

aqueous media: Generalized antioxidant property of vitamin C. Chou, 
P.-T.; Khan, A.U., Biochem. Biophys. Res. Commun. 115: 932-7 (1983) 

83A223 Solvent-induced deactivation of singlet oxygen: Additivity 
relationships in nonaromatic solvents. J{odgers, M.A.J., J. Am. Chem. 
Soc. 105: 6201-5 (1983) 

83A315 Dye-sensitized photooxidation of 2-dimethylamino-5,6-
dimethylpyrirnidin-4-o1 in aqueous solution. Dixon, S.R; Wells, 
C.HJ.,Pestic. Sci. 14: 444-8 (1983) 

83A317 A kinetic study of the interaction between bilirubin and 
thermally produced singlet oxygen. Galliani, G.; Manitto, P.; Monti, 
D., Isr.l. Chem. 23: 219-22 (1983) 

83A336 Interaction of singlet oxygen with carotenoids: rate constants of 
physical and chemical quenching. Krasnovsky, A.A.,Jr.; Paramonova, 
L.I., Binphysics 28: 769-74 (1983) Translated from: Biojizika 28: 725-9 
(l983~ 

83A371 Influence of medium on lifetime and reactivity of 102 with 1,3-
diphenylisobenzofuran, and the role of 102 in liquid-phase oxidation of 
ethylbenzene. Darmanyan, A.P.; Vidoczy, T.; lrinii, G.; Gal, D., Bull. 
A cad. Sci. USSR, Div. Chem. Sci. 32: 2423-9 (1983) Translated from: 
/zv. Akad. Nauk SSSR. Ser. Khim. : 2702-8 (l983) 

83A394 SeIlsitized photooxygenation of cis 9-tricosene (housefly sex 
attractant). Tanielian, c.; Mechin, R; Esch, M., Oxygen Radicals 
Chem. Bioi., W. Bors, M. Saran and D. Tait (eds.), de Gruyter, Berlin, 
Fed. Rep. Gennany, Pub. 1984, p.527-30 

83A395 On the reactivity of singlet oxygen with hemoglobin. Kraljic, I.; 
Pin, S.; El Mohsni, S.; Alpert, B., Oxygen Radicals Chem. BioI.. W. 
Bors, M. Saran and D. Tait (eds.), de Gruyter, Berlin, Fed. Rep. 
Gennany, Pub. 1984, p.531-4 

83A397 Dye-sensitized photooxidation of tryptophan. Tanielian, C.; 
Muller, H.; Golder. L.. Oxygen Radicals Chem. BioL W. Bor'!;, M S~ran 
and D. Tait (eds.), de Gruyter, Berlin, Fed. Rep. Gennany, Pub. 1984, 
p.551-4 

83E235 Chemistry of singlet oxygen. 42. Effect of solvent, solvent 
isotopic substitution, and temperature on the lifetime of singlet 
molecular oxygen (1 ~g). Ogilby, P.R.; Foote, C.S., J. Am. Chem. Soc. 
105: 3423-30 (1983) 

83E398 Nonradiative relaxation of singlet oxygen in solution. Hurst, 
J.R; Schuster, G.B.,}. Am. Chern. Soc. 105: 5756-60 (1983) 

83E425 Mechanism of quenching of singlet oxygen luminescence by 
saturated and unsaturated aliphatic acids: Krasnovsky, A.A.,Jr.; Minin, 
A.A.; Kagan, V.E., Dokl. Biophys. 268: 59-61 (1983) Translated from: 
Dokl. Akad. Nauk SSSR 268: 1488-91 (1983) 

83E667 Flash photolysis studies of hemato- and copro-porphyrins in 
homogeneous and microheterogeneous aqueous dispersions. Reddi, E., 
Jori, G.; Rodgers, M.A.J.; Spikes, J.D., Photochem. Photobiol. 38 

639-45 (1983) 

83E756 Direct measurement of the lifetime of molecular oxygen in Ihe 

singlet 1 ~g state, generated in water by a porphyrin sensitiZe! 
Salokhiddinov, K.I.; Dzhagarov, B.M.; Egorova, G.D., Opt. Spectro.t(. 
(USSR) 55: 40-1 (1983) Translated from: Opt. Spektrosk. 55: 71·:1 
(1983) 

83E813 Photogeneration of singlet oxygen by psoralens. Krasnovsky. 
A.A.; Sukhorukov, V.L.; Potapenko, A.Ya., Bull. Exp. BioI. Med. 96: 

1259-61 (1983) Translated from: Byull. Eksp. BioI. Med. 96: 59-61 
(1983) 

83E818 Effect of solvent deuteration and of an external heavy atom on the 
luminescence quenching time of molecular oxygen. Salokhiddinov. 
K.I.; Byteva, I.M., Opt. Spectrosc. (USSR) 55: 282-4 (1983) Translated 
from: Opt. Spektrosk. 55: 479-82 (1983) 

83E844 Pulsed lac;er excitation of photosensitized oxygen lumine~cenc(" 
Decay kinetics in aqueous solutions. Egorov, S.Yu.; Krasnovsky, A.A .. 
Biophysics 28: 532-4 (1983) Translated from: Biojizika 28: 497-8 (1983) 

83F028 Photochemical oxidation of thioketones: Steric and electronic 
a"pect~. Rl'lmMth, N.; Rames:h, V.; Ramamurthy, V., J. Org. Chern. 48: 

214-22 (1983) 

83F075 Solvent effect on 102 yield and the mechanism of polycyclic 
hydrocarbon triplet-state quenching by oxygen. Dannanyan, A.P., 
Chern. Phys. Lett. 96: 383-9 (1983) 

83F136 Photooxidation of some triaza- and tetraazabenzopentalenes. 
Albini, A.; Bettinetti, G.P.; MincIi, G.,J. Org. Chem. 48: 1080-3 (1983) 

83F151 Quenching of singlet oxygen luminescence by fatty acids and 
lipids. Contribution of physical and chemical mechanisms. 
Krasnovsky, A.A.,Jr.; Kagan, V.E.; Minin, A.A., FEBS Lett. 155: 233-6 
(1983) 

83F166 Singlet oxygen generation for solution kinetics: Clean and 
simple. Midden, W.R.; Wang, S.Y., J. Am. Chem. Soc. 105: 4129-35 
(1983) 

83F188 Photosensitizing properties of furocoumarins. V. 8-
Methoxypsoralen: Quantum yields of reaction in aerated and degased 
solution: Role of singlet oxygen. Le, Q.T.; Arnaud, R; Lemaire, J., C.R. 
Seances Acad. Sci., SeT. II 296: 687-90 (1983) 

83F195 Chemistry of singlet oxygen. 43. Quenching by conjugated 
olefins. Manring, L.E.; Kanner, R.C.; Foote, C.S., J. Am. Chem. Soc. 
105: 4707-10 (1983) 

83F196 Chemistry of singlet oxygen. 44. Mechanism of photooxidation of 
2,5-dimethylhexa-2,4-diene and 2-methyl-2-pentene. Manring, L.E.; 
Foote, C.S., J. Am. Chem. Soc. 105: 4710-7 (IYH3) 

83F222 The vitamin-B 12-derived Co(III)- complex 'pyrocobester' as 
photosensitizer and as substrate in reactions involving 'singlet oxygen'. 
KraeutJer, B.; Stepanek, R, He/v. Chim. Acta 66: 1493-512 (1983) 

83F256 Reaction of retinol and retinal with singlet oxygen. Smith. GJ., 
Photochem. Photobiol. 38: 119-21 (1983) 

83F323 Spectroscopic studies of cutaneous photosensitizing agents. IV. 
The photolysis of benoxaprofen, an antiinflammatory drug with 
phototoxic properties. Reszka, K.; ChigneU, C.F., Photochem. 
Photobiol. 38: 281-91 (1983) 

83F335 Generation of 102 from O2 quenching of the lowest excited 
singlet and triplet states of 9,1O-diphenylanthracene. Drews. W.; 
Schmidt, R.; Brauer, H.-D., Chem. Phys. Lett. 100: 466-9 (1983) 

83F406 MesodiphenylheJianthrene - the most reactive singlet oxygen 
acceptor. Acs, A.; Schmidt, R; Brauer, H.-D., Photochem. Photobiol. 
38: 527-31 (1983) 

83F407 Ascorbic acid as a photooxidation inhibitor. Rooney, M.L., 
Photochem. Photobiol. 38: 619-21 (1983) 

83N084 Time resolved studies of 1.27 p.m luminescence from singlet 
oxygen generated in homogeneous and microheterogeneous fluids. 
Rodgers, M.AJ., Photochem. Photobiol. 37: 99-103 (1983) 



RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION 

" 17\ Singlet molecular oxygen in micellar systems. 1. Distribution 
"'1l1ilibria between hydrophobic and hydrophilic compartments. Lee, 
I' C.; Rodgers, M.A.J., J. Phys. Chem. 87: 4894-8 (1983) 

1·:1 )()8 Hematoporphyrin photosensitization of serum albumin and 
.lIbtilisin BPN'. Richard, P.; Blum, A.; Grossweiner, L.t. Photochem. 
"/lOtobiol. 37: 287-91 (1983) 

I·: 123 Chemistry of singlet oxygen. 46. Cercosporin, a singlet oxygen 
)'.cnerator. Dobrowolski, D.e.; Foote, e.S., Angew. Chem. Int. Ed. Engl. 
22: 720-1 (1983) 

i\mo Oxidation of thioketenes by singlet oxygen. Rao. V.I.: 
I{arnamurthy, V.; Schaumann, E.; Nimmesgem, H., J. Org. Chem. 49: 
(d 5-21 (1984) 

:\ I m Quenching of singlet oxygen by hindered amine light stabilisers. 
,\ flash photolytic study. Ballardini. R; Beggiato, G.; Boftolus, P.; 
i':lUcitano, A.; Bunafava, A; Gratani, E, Polym. Degradation Stab. 7: 
·11-53 (1984) 

I \.)47 Mechanism of singlet oxygen interaction with spin trap (l-

I'henyl-N-tert-butylnitrone. Darmanyan, A.P.; Moger, G., J. 
I'hotochem. 26: 269-74 (1984) 

I ·\\39 Study of carbonyl oxide fonnation in the reaction of singlet 
'lxygen with diphenyldiazomethane. Casal, H.L.; Sugamori, S.B.; 
:)caiano, J.e . .J. Am. Chern. Soc. 106: 7623-4 (1984) 

11':()66 Strychnine: A fast physical quencher of singlet oxygen (1 ~g). 
(lorman, A.A; Hamblett, 1.; Smith, K; Standen, M.C., Tetrahedron 
Lett. 25: 581-4 (1984) 

II :289 Relaxation of the 1 ~g state in pure liquid oxygen and in liquid 
mixtures of 160 2 and 180 2, Wild, E.; K1ingshim. H.; Maier, M., J. 
I'/zotochem. 25: 131-43 (1984) 

11':291 The mechanism of quenching of singlet oxygen O/(l~g) by 
molecular iodine. Wilkinson, F.;.Fannilo, A, J. Photochem. 25: 153-60 
(1984) 

) I :296 Optical determination of the rates of formation and decay of 
O2(1 Llg) in H20, D20 and other solvents. Parker, J.G.; Stanbro, W.D., J. 
Photochem. 25: 545-7 (1984) 

.; 11 A92 Reversible exciplex formation between singlet oxygen, 1 ~g' and 
vitamin E. Solvent and temperature effects. Gorman, A.A.; Gould, I.R.; 
Hamblett, I.; Standen, M.e., J. Am. Chcm. Soc. 106: 69569 (1984) 

·1 F005 Laser flash photolytic determination of triplet yields via singlet 
oxygen generation. Chattopadhyay, S.K.; Kumar, e.V.; Das, P.K.. J. 
Photochem. 24: 1-9 (1984) 

.W06':> Solvent dependence of singlet oxygen I substrate interactions in 
ene-reactions, (4 + 2)· and (2 + 2)-cycloaddition reactions. Gollnick, 
K.; Griesbeck, A., Tetrahedron Lett. 25: 725-8 (1984) 

';·1 F075 Photooxidation of 3,4-dihydroxyphenylalanine by 
hematoporphyrin in aqueous solutions: An electron spin resonance 
study using 2,2,6,6-tetramethyl-4-piperidone-l-oxyl (tempone). 
Reszka, K.; Sealy, Re., Photochern. Photobiol. 39: 293-9 (1984) 

·;·IF191 Production and quenching of singlet oxygen by the sensitizer in 
dye-sensitized photo-oxygenations. Tanielian, e.; Golder, L.; Wolff, C., 
1. Photochem. 25: 117-25 (1984) 

:';·IF193 Effects of solvent on the rate of bacteriochlorophyll a photo
oxidation. Man::h. K.L.: Connolly. 1.S .. .T. Phntnt'hpm. 2S: 183-95 
(1984) 

:·qF194 Aspects of photosensitized lignin oxygenation. ForsskahI, 1., J. 
Photochem. 25: 197-209 (1984) 

:-;·IF196 Siuglt:l uxygen oxitladon of substituted tbiobenzam1des. Murray, 
R.W.; Agarwal, S.K.,J. Photochem. 25: 335-43 (1984) 

:-AF197 Generation of 102 from oxygen quenching of the lowest excited 
singlet and triplet states of some aromatic compounds. Brauer, H.-D.; 
Acs, A; Drews, W.; Gabriel, R.; Ghaeni, S.; Schmidt, R., J. Photochem. 
25: 475-88 (1984) 

x4F199 Singlet oxygen and free-radical oxidation of polydienes and 
related problems with stabilization: Synergistic and antagonistic 
effects. Rabek, J.F.; Ranby, B.; Arct, 1.; Liu, R., J. Photochem. 25: 
519-36 (1984) 

84F240 Solvent effect on the quantum yield of tbe self-sensitizlXl 
photoperoxidation of 1,3-diphenylisobenzofuran. Nowakowska, M., J. 
Chem. Soc., Faraday Trans. 1 80: 2119-26 (1984) 

84F244 Photoreactions of 4-(aminomethylene) derivatives of 3-methyl
I-phenyl-2-pyrazoline-5-thione. Rtishchev, N.I.; EI'tsov, AV.; Kvitko, 
I.Ya.; Alam, L.V.; Bocharova, E.G., J. Gen. Chem., USSR 54: 134-42 
(lYM) Translated from: Zh. Obshch. Khim. 54: 152-61 (1984) 

84F327 The effect of medium polarity on the hematoporphyrin-sensitized 
photooxidation of L-tryptophan. Reddi, E.; Rodgers, M.AJ.; Spikes, 
J.D.; Jori, G., Photochern. Photobiol. 40: 415-21 (1984) 

84F330 Photosensitization of melanin: An electron spin resonance study 
of sensitized radical production and oxygen consumption. Sealy, R.C.; 
Sarna, T.; Wanner, EJ.; Reszka, K., Photochem. Photobiol. 40: 453-9 
(1984) 

84F335 Interactions of singlet oxygen with 2,5-dimethyl-2,4-hexadiene in 
polar and non-polar solvents. Evidence for a vinylog ene-reaction. 
Gollnick, K.; Griesbeck, A., Tetrahedron 40: 3235-50 (1984) 

84F350 Is self-sensitized photo-oxidation a significant pathway in the 
photofading of azo dyes? Albini, A.; Fasani, E.; Pietra, S.; Sulpizio, A., 
J. Chem. Soc .• Perkin Trans. 2 : 1689·92 (1984) 

84F381 Singlet oxygen in surface waters. Part I. Furfuryl alcohol as a 
trapping agent. Haag, W.K; Hoigne, 1.; Gassman, E.; Braun, A.M., 
Chemosphere 13: 631-40 (1984) . 

84F474 Effect of substituents, solvent, and temperature on the reactivity 
of the zwitterionic peroxides arising from the photo~oxygenation of 2-
(methoxymethylidene)- and 2-(phenoxymethylidene)adamantane. 
Jefford, C.W.; Grant, H.G.; Jaggi, D.; Boukouvalas, 1.; Kohmoto, S., 
Helv. Chim. Acta 67: 2210-7 (1984) 

84F477 Mechanism of endoperoxide fonnation. 3. Utilization of the 
Young and Carlsson kinetic techniques. Clennan, E.L.; Mehrsheikh
Mohammadi, M.E.,J. Am. Chem. Soc. 106: 7112-8 (1984) 

84F670 Quenching of singJet oxygen by alkaloids and related nitrogen 
heterocycles. Larson, R.A.; Marley, K.A, Phytochemistry 23: 2351-4 
(1984) 

84F673 Quenching of singlet oxygen by methylene blue. Tanielian, C.; 
Mechin, R., Proc, 10th IUPAC Symp. Photochem., Presses 
PoJyfechnll]lIes: Romillldes, Lausanne, Switzerland, 1984, pA71-2 

84N114 Singlet molecular oxygen in micellar systems. 2. Quenching 
behavior in AOT reverse micelles. Rodgers, M.A.J.; Lee, P.C., J. Phys. 
Chem. 88: 3480-4 (1984) 

84Nl,SO Kinetic propentes of singlet oxygen in a polymeric 
microheterogeneous system. Lee, P.e.; Rodgers, M.A.J., J. Phys. Chem. 
88: 4385-9 (1984) 

84P629 Studies on singlet oxygen reaction with ethylene-propyl ene
ethylidenenorbomene terpolymer. Part II. Detennination of kinetic 
parameters of photosensitized oxidation of ethylene-propylene
ethylidenenorbomene terpolymer. Nowakowska, M., Polym. 
Photochern. 4: 347-59 (1984) 

85A124 Interaction of singlet oxygen with cx- and p-naphthols. Moger, 
G.; Darmanyan, A.P., J. Radioanal. Nucl. Chem. 94: 9-15 (1985) 

85A167 The ene reaction of singlet oxygen: Kinetic and product evidence 
in support of a perepoxide intennediate. Hur~t. 1.R.: Wil~on, ~tL: 
Schuster, G.B., Tetrahedron 41: 2191-7 (1985) 

85A176 Studies on singlet oxygen in aqueous solution. Part 1. Fonnation 
of singlet oxygen from hydrogen peroxide with two-electron oxidants. 
F.v~ms, n.F.; Upton, M.W., 1. Chem. Soc., Dalton Trans. : 1141-5 (19&5) 

85AI77 Studies on singlet oxygen in aqueous solution. Part 2. Water
soluble square-planar nickel complexes as quenchers. Botsivali, M.~ 
Evans, D.F.; Missen, P.H.; Upton, M.W., J. Chern. Soc., Dalton Trans. : 
1147-9 (1985) 

85A206 Fluorenone oxide: Transient spectroscopy and kinetics of its 
fonnation and reactions. Casal, H.L.; Tanner, M.; Werstiuk, N.H.; 
Scaiano, J.e., J. Am. Chem. Soc. 107: 4616-20 (1985) 

85A261 The unusual reactions of singlet oxygen with isomeric l,4-di
tert-butoxy-l,3-butadienes. A 2s + 2a cycloaddition. Clennan, E.L.; 
L'Esperance, RP., J. Am. Chem. Soc. 107: 5178~82 (1985) 



926 WILKINSON, HELMAN, AND ROSS 

85A443 Retinal-sensitized photooxidation of rhodopsin. Starostin, A.V.; 
Fedorovich, I.B.; Ostrovskii, M.A., Biophysics 30: 1082-8 (1985) 
Translated from: Biofizika 30: 995-9 (1985) . 

85E190 Quantitative aspects of all-trans-retinol singlet and triplet 
quenching by oxygen. Bhattacharyya, K.; Das, P.K., Chem. Phys. Lett. 
116: 326-32 (1985) . 

85E293 Triplet excitation transfer involving ~-ionone. A kinetic study by 
. laser flash photolysis. Chattopadhyay, S.K.; Kumar, C.V.; Das, P.K., 

Photochem. Photobiol. 42: 17-24 (1985) 

85E591 Thennal-lt:nsing IIlt;aSUft:IIlt:nts of singh:t molecular oxygen 
(lAg); Quantum yields of fonnation and lifetimes. Rossbroich, G.; 
Garcia, N.A; Braslavsky, S.E.,J. Photochem. 31: 37-48 (1985) 

85F145 Singlet oxygen photooxygenation of furans. Isolation and 
reactions ot (4 + 2)-cycloaddition products (unsaturated sec.-ozonides). 
Gollnick, K; Griesbeck, A, Tetrahedron 41: 2057~68 (1985) 

85F148 Reactions of singlet oxygen with polyisoprene and model 
compounds. Tanielian, C.; Mechin, R, Tetrahedron 41: 2139-46 (1985) 

85F150 Dye-sensitized photo-oxygenation of 1,2-cyclohexanediones. 
Utaka, M.; Nakatani, M.; Takeda, A, Terrahedron 41: 2163-7 (1985) 

85F151 Mechanism of oxidation of a,~-unsaturated thiones by singlet 
oxygen. Pushkara Rao, V.; Ramamurthy, V., Tetrahedron 41: 2169-76 
(1985) 

85F332 Quantum yield measurements of the hematoporphyrin derivative 
(Hpd) sensitized singlet oxygen production. Murasecco, P.; Oliveros, 
D.; Draun, A.M.; Monnier, P., rhotobioclu:m. PhotobiophYJ. 9; 193-201 
(1985) 

85F480 Detennination of the reaction rate 'constants of singlet oxygen 
with dialkyl sulfides. Xu, D.; Xu, B.; Cui, G.; Wu, S., Huaxue Tongbao 
: 11-9 (198~) 

85F517 Generation and quenching of singlet molecular oxygen by 
bacteriochlorophyll and bacteriopheophytin a and b. Krasnovsky, 
A.A,Jr.; Vychegzhanina, I.V.; Drozdova, N.N.; Krasnovsky, A.A., Dokl. 
Biophys. 283: 161-3 (1985) Translated from: Dokl. Akad. Nauk SSSR 
283: 474-7 (1985) 

85F538 Mechanism of interaction of singlet oxygen with spin trap C
phenyl-N-tert-butylnitrone. Dannanyan, AP.; Moger, G., Bull. A cad. 
Sci. USSR, Div. Chem. Sci. 34: 1163-6 (1985) Translated from: Izv. 
Akad. Nauk SSSR, Ser. Khim. : 1271-5 (1985) 

85F646 Influence of the nature of the heteroatom in the H-chelate ring on 
the photochemical properties of aminomethylene derivative~ of S or Se 
substituted pyrazolin-5-ones. Rtishchev, N.J.; El'tsov, AV.; Kvitko, 
I.Ya.; Alam, L.V., J. Gen. Chern., USSR 55: 2095-105 (1985) Translated 
from: Zh. Obshch. Khim. 55: 2358-69 (1985) 

85F667 Quenching of singlet oxygen generated in tetraphenylporphyrin 

solutions by retinoid RO 10-9359, ionol and a-tocopherol. Adam, F.; 
Schwider, P., Stud. Biophys. 109: 95-100 (1985, Pub. 1986)) 

85F675 The influence of specific solvation on the deactivation of singlet 
molecular oxygen by l,4-diaminoanthraquinone. Venediktov, E.A.; 
Perfil'ev, V.A; Berezin, B.D., Russ. J. Phys. Chem. 59: 1824-6 (1985) 
Translated from: Zh. Fiz. Khim. 59: 3048-51 (1985) 

85M098 Importance of single electron-transfer in singlet oxygen reaction 
in aqueous solution. Oxidation of electron-rich thioanisoles. Inoue, K.; 
Matsuura, T.; Saito, I., Tetrahedron 41: 2177-81 (1985) 

85M406 Ozonides de phosphite source d'oxygene singulet: rendement, 
mecanisme. Caminade, AM.; El Khatib, F.; Koenig, M.; Aubry, J.M., 
Can. J. Chem. 63: 3203-9 (1985) 

85N293 O2 er) and O2 (1 A) processes in microheterogeneous systems. 
Rubio, M.A.: Araya, L.; Abuin, E.B.; Lissi, E.A., An. Asoc. Quim. 
ArRent. 73: 301-9 (1985) 

85ROO8 Singlet oxygen generation by hematoporphyrin IX, uroporphyrin 
I and hematoporphyrin derivative at 546 nm in phosphate buffer and in 
the presence of egg phosphatidylcholine liposomes. Blum, A.; 
Grossweiner, LJ., Photochem. Photobiol. 41: 27-32 (1985) 

86A099 9,1O-Dicyanoanthracene-sensitized photooxygenation of 0.,0.'

dimethylstilbenes. Mechanism and kinetics of the competing singlet 
oxygen and electron transfer photooxygenation reactions. Gollnick, K.; 
Schnatterer, A., Plwtochem. Photobiol. 43: 365-78 (1986) 

86A159 Additions of singlet oxygen to alkoxy-substituted butadienes. 1\ I· 

unexpectedly large s-cis/s-trans ratio in an (E,Z)-diene or a kinetl! 
anomeric effect? Clennan, E.L.; L'Esperance, R.P.; Lewis, K.K., J. (Jr~' 

Chem. 51: 1440-6 (1986) 

86A198 Detennination of the decay rate constant of singlet oxygen( I l\ i 

in presence of biomolecules. Rougee, M.; Bensasson, RV., C.li 

Seances Acad. Sci., Ser.1l302: 1223-6 (1986) 

86A203 Reactivity of sydnones with singlet oxygen. Bhattacharyya, K . 
Das, P.K.; George, M.V., J. Photochem. 34: 13-22 (1986) 

86A216 Is water the beSt or the worst solvent for (2 + 41 cycloadditions 0/ 

singlet oxygen to aromatic compounds? Cazin, B.; Aubry, J.-M. 
Rigaudy, J., J. Chem. Soc., Chem. Commun. : 952-3 (1986) 

86A264 Time-resolved O2 lAg -+ 3I:g - chemiluminescence upon UV la<;cl 
photolysis of an aromatic endoperoxide in aqueous solution. Chou, P 
T.; Khan, S.; Frei, H., Chem. Phys. Lett. 129: 463-7 (1986) 

86A307 Solvent effect and temperature dependence in the interaction oj 

singlet oxygen with o.-phenyl-N-tert-butyl nitrone. Dannanyan, A.P.: 
Moger, G., J. Radioanal. Nucl. Chern. 105: 303-8 (1986) 

86A406 Flavin mononucleotide-sensitized photooxidation of indoleacetic 
acid. Miyoshi, N.; Fukuda, M.; Tomita, G .• Photobiochem. 
Photobiophys. 11: 57-65 (1986) 

86A438 Quenching of singlet oxygen by 4-[2-(N,N-
dimethylhydrazono)ethylidene]-2,6-diphenyl-4H-pyran. Akasaka, T.: 
Nakagawa, M.; Ando, W.,J. Org. Chem. 51: 4477-9 (1986) 

86A540 Singh;L U.il.ygt:1l yut:m.:hing by Co(SacSach complexes. [Sac :;: 
dithioacetylacetonate] Dannanyan, AP.; Karshalykov, K., Bull. Acad. 
Sci. USSR, Div. Chern. Sci. 35: 2163-5 (1986) Translated from: Jzv. 
Aluld. Nauk SSSR, Ser. Khim. : 2361-4 (1986) 

1S6J:J VIS ~inglet oxygen quenching by stable nitroxy radicals. Darmanyan, 
A.P.; Tatikolov, A.S.,J. Photochem. 32: 157-63 (1986) 

86E809 Kinetics of singlet oxygen luminescence quenching in polymers. 
Influence of polymer matrices on the quenching process of the triplet 
sensitizer by molecular oxygen. Darmanyan, A.P.; Matveev, M.Yu., 
Sov. J. Chern. Phys. 5: 2768-86 (1990) Translated from: Khim. Fiz. 5: 
1488-95 (1986) 

86E884 Direct determination of the lifetime of singlet oxygen in 
polymers with saturated and unsaturated bonds. Matveev, M.Yu.; 
Darmanyan, AP., Dokl. Phys. Chem. 290: 894-7 (1986) Translated 
from: Dokl. Akad. Nauk SSSR 290: 897-901 (1986) 

HnF091 Photm.eMithecl oXY2enation reaction~ of phytol ann it~ 

derivatives. Mihara, S.; Tateba, H., J. Org. Chem. 51: 1142-4 (1986) 

86Fl49 Quenching of singlet molecular oxygen by components of media 
used for isolating chloroplasts and studying photosynthetic activity. 
Egorov, S.Yu.; K.rasnovsky, A.A., So ..... Plant Ph},siol. 33: 5-8 (1986) 

Translated from: Fiziol. Rast. (Moscow) 33: 10-4 (1986) 

86F219 Reactions of singlet oxygen with enol esters. Wilson. S.L.; 
Schuster, G.B.,J. Org. Chem. 51: 2056-60 (1986) 

86F225 Reaction of singlet oxygen with 2-pyrazoline: Implication for 
cation radical - superoxide ion pair intennediate. Akasaka, T.; 
Nakagawa, M.; Nomura, Y.; Sato, R.; Someno, K.; Ando, W., 
Tetrahedron 42: 3807-12 (1986) 

86F226 Quenching of singlet oxygen by catecholamines in dye-sensitized 
photooxidation reactions. Kruk, I., Z Phys. Chern. (Leipzig) 267: 
569-75 (1986) 

86F316 Photo2ene.ration of sin21et oxygen by porphyrins in aqueous 
solutions. Egorov, S.Yu.; Krasnovsky, AA.,Jr.; Nazarova, O.V.: 
Yartsev, E.I., Biophysics 31: 376-8 (1986) Translated from: Biofizika 31: 
342-3 (1986) 

&6F337 State-selective photochemistry of singlet oxygen precllrsors~ 

Kinetics and wavelength dependence of the photodissociation of 
anthracene endoperoxides. Eisenthal, K.B.; Turro, N.J.; Dupuy, e.G.; 
Hrovat, D.A.; Langan, J.; Jenny, T.A.; Sitzmann, E.V., J. Phys. Chem. 
90: 5168-73 (1986) 

86F510 Photo-oxygenation des derives de I'hydroxymethyl-5 furfural-2. 
Cottier, L.; Descotes, G.; Nigay, H.; Parron, J.-C.; Gregoire, V., BulL 
Soc. Chim. Fr. : 844-50 (1986) 



RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION 927 

i~Whl 0 Quenching of singlet molecular oxygen by zinc 
,lCIraphenylchlorin in solutions. Venediktov, E.A.; Mozhzhukhin, V.v.; 
Lipatov, N.G.; Berezin, B.D., Kinet. Catal. 27: 847-50 (1986) 
lrnnslated from: Kinet. Katal. 27: 976-9 (1986) 

~,lf622 Investigation of the role of singlet oxygen in the 
photodegradation of monoazo dyes. Koval'chuk, N.V.; Anisimov, 
V.M.; Tambieva, O.A.; Titov, V.V., J. Org. Chem. USSR 22: 1746-53 
(1986) Translated from: ZJz. Org. Khim. 22: 1944-51 (1986) 

t.l'.H,70 Quenching of singlet molecular .oxygen by pyrrole in solution. 
Vcnediktov, E.A.; Balakina, T.A.; Berezin, B.D., Kiner. Calal. 27: 
1274-6(1986) Translated from: Kinet. Katal. 27: 1465-7 (1986) 

Jit.F678 Singlet oxygen production by UV and visible photoexcited 
porphyrins under different states of aggregation. Seret, A.; Gandin, E.; 
Van de Vorst, A., Photobiochem. Photobiophys. 12: 259-66 (1986) 

u,NI04 Kinetics of 02(1~g) photo-oxidation reactions in egg-yolk 
lecithin vesicles. Dearden, S.J., J. Chem. Soc., Faraday Trans. 1 82: 
1627-35 (1986) 

<~.}{ 129 Efficient, singlet oxygen inactivation of firefly luciferase. 

Thompson, A.; Nigro, J.; Seliger, H.H., Biochem. Biophys. Res. 
Commun. 140: 888-94 (1986) 

::fM~21 0 Determination of the rate constants of reaction between singlet 
oxygen and DNA bases. Zhang, Y.; Ma, H.; Dai, J., Kexue Tongbao 
(Foreign Lang. Ed.) 31: 1065-9 (1986) 

''if ,\035 Reactions of singlet oxygen with alkoxy-substituted dienes. 
Formation of dioxetanes in the singlet oxygenations of s-cis fixed 
(Henes (Z,Z)- and (h,L.)-4,'-diethylidene-2,2-dimethyl-l,3-dioxolanes. 
Clennan, B.L.; Nagraba, K., J. Org. Chem. 52: 294-6 (1987) 

C}'! A043 Laser flash photokinetic studies of Rose Bengal sensitized 
photodynamic interactions of nucleotides and DNA Lee, P.C.C.; 
Rodgers, M.A.1., Photochem. Photobiol. 45: 79-86 (1987) 

~7 A063, Rate constants for interaction of 102 (1 ~g) with azide ion in 
water. Haag, W.R.; Mill, T., Photochem. Photobiol. 45: 317-21 (1987) 

~. ~n A064' Photokinetic and photophyliical meaSllrement~ of the sensitized 
photooxidation of the tryptophyl residue in N-acetyl tryptopbanamide 
and in human serum albumin. Reddi, E.; Lambert, C.R.; Jori, G.; 
Rodgers, M.A.1., Photochem. Photobiol. 45: 345-51 (1987) 

•• ~7A072 Chemistry of singlet oxygen. 49. Photooxidation of thiiranes. 
Jensen, F.; Foote, C.S.,J. Am. Chem. Soc. 109: 1478-85 (1987) 

WI A 1 07 Antiarthritic gold compounds effectively quench electronically 
excited singlet oxygen. Corey, B.1.; Mehrotra, M.M,; Khan, A.U., 
SdelU::e 236; 68-9 (1987) 

,~" A 180 Rate constants for reactions for singlet oxygen with phenols and 
other compounds in water. Scully, F.E.,Jr.; Hoigne, J., Chemosphere 
16: 681-94 (1987) 

1\7 A202, Quenching of the luminescence of singlet molecular oxygen in 
carbon tetrachloride solution by substituted derivatives of pyrrole. 
Venediktov, B.A.; Perfil'ev, V.A.; Titova, Yu.V.; Karavaev, B.1.; 
Berezin, B.D., Biophysics 32: 217-20 (1987) Translated from: Biojizika 
32: 203-5 (1987) 

~7A318 . Singlet oxygen reactions in aqueous solution. Physical and 
chemical quenching rate constants of crocin and related carotenoids. 
Manitto. P.: Speranza. G.: Monti. D.: Gramatica, P., Tetrahedron Lett. 
28: 4221-4 (1987) 

. 87 A368 syn- and anti-Dioxasesquinorbornenes. Singlet oxidation of 
exocyclic S-cis-l,3-butadienes. Clennan, E.L.; Matusuno, K., J. Org. 

.' Chern. 52: 3483-5 (1987) 

K7 A371 Photophysics ofthe natural antioxidant quercetin and mechanism 
of its interaction with singlet oxygen. Darmanyan, A.P.; Kasaikina, 
O.T.; Khrameeva, N.P., Khim. Fiz. 6: 1083-92 (l987) 

~7EOj4 Thennal-lensing and phosphorescence' studies of the quantum 
yield and' lifetime of singlet molecular oxygen (1 ~g) sensitized by 
hematoporphyrin and related porphyrins in deuterated and non
deuterated ethanols. Redmond, R.W.;- Heihoff, K.; Braslavsky, S.B.; 
Truscott, T.G., Photochem. Photobiol. 45: 209-13 (1987) 

87E055 Ergosterol (provitamin' D2) triplet state: An efficient sensitiser of 
singlet oxygen, 02(1~g), fonoation. Gonnan, A.A.; Hamblett, 1.; 
Rodgers, M.A.J., Photochem. Photobiol. 45: 215~21 (1987) 

87E142 Evidence for physical quenching of singlet oxygen (02(1~g» by 
dinitrophenols. Gsponer, H.E.; Previtali, C.M.; Garcia, N.A., J. 
Photochem. 36: 247-53 (1987) 

87El50 Steady-state near-infrared detection of singlet molecular oxygen: 
A Stern-Volmer quenching experiment with sodium azide. Hall, R.D.; 
Chignell, C.F., Photochem. Plwtobiol. 45: 459-64 (1987) 

87B181 Quenching of sing1et oxygen by nickelocene. Rajadurai, S.; Das, 
P.K., J. Photochem. 37: 33-40 (1987) 

87E234 Aromatic ketone-naphthalene systems as absolute standards for 
the triplet-sensitized fonnation of singlet oxygen, 02(IA1\)' in organic 
and aqueous media: A time-resolved luminescence study. Gonnan, 
A.A.; Hamblett, I.; Lambert, c.; Prescott, A.L.; Rodgers, M.AJ.; 
Spence, H.M.,J. Am. Chem. Soc. 109: 3091-7 (1987) 

87E466 Effect of solvent on the rate constant for the radiative 
deactivation of singlet molecular oxygen (l~g O2), Scurlock, R.D.; 
Ogilby, P.R., J. Phys. Chem. 91:· 4599-602 (1987) 

87E658 Radiationless deactivation of singlet oxygen (lLlg) by solvent 
molecules. Schmidt, R.; Brauer, H.-D., J. Am. Chem. Soc. 100: 6976-&1 
(1987) 

87E668 Medium effects on the quantum yields for generation of singlet 
oxygen via anthracene and luminescence lifetime of oxygen in the 1 ~g 
state. Darmanyan, A.P., Khim. Fiz. 6: 1192-8 (1987) 

87E690 Etude physicochimique d'une serie de cyanines. Partie VII. 
Rendement en etat triplet et photosensibilisation de l'oxygene singulet. 
Carre, c.; Reichardt, c.; Lougnot, 0.1., J. Chim. Phys. Phys.-Chim. Bioi. 
64: ~77-8~ (1987) 

87E941 Effectiveness of the formation of singlet oxygen photosensitised 
by water-soluble porphyrins. Dzhagarov, B.M.; Salokhiddinov, K.I.; 
Egorova, G.D.; Gurinovich, G.P., Russ. J. Phys. Chem. 61: 1281-3 
(1987) Translated from: Zh. Fiz. Khim.61: 2450-4 (1987) 

87E959 Quenching of photosensitized luminescence of singlet molecular 
oxygen by 1,4-diaminoanthraquinone in solutions. Venediktov, E.A.; 
Perfilev, V.A.; Berezin, B.D., Opt. Spectrosc. (USSR) 63: 400-1 (1987) 
Translated from: Opt. Spektrosk. 63: 680-1 (1987) 

87FI04 Biological activities of phthalocyanines. VI. Photooxidation of 
L-tryptophan by selectively sulfonated gallium phthalocyanines: 
Singlet oxygen yields and effect of aggregation. Wagner, l.R.; Ali, H.; 
Langlois, R.; Brasseur, N.; van Lier, J.E., Photochem.Photobiol. 45: 
587-94 (1.987) 

87F290 Photosensitized generation of singlet molecular oxygen by 
endogenous. photosensitizers of the human lens. Egorov, S.Yll.; 

Babizhaev, M.A.; Krasnovsky, A.A.)r.; Shvedova, A.A., Biophysics 32: 

184-6 (1987) Translated from: Biojizika 32: 169.,.71 (1987) 

87F333 Laser flash-chemiluminescence study of 02(1~) photoeliminated 
from l,4-dimethylnaphthalene endoperoxide. Chou, P.-T.; Frei, H., J. 
Chem. Phys. 87: 3843-54 (1987) 

87F440 An efficient regeneration of singlet oxygen 'from 2,5-
diphenylfuran endoperoxide produced by a dye-sensitized oxygenation. 
Usui, Y.; Koike, H.; Kurimura, Y.,' Bull. Chem. Soc. Jpn. 60: 3373-8 
(1987) 

87F479 Generation and deactivation of 102(1~)by helianthrene and 
heIianthrene-derivatives. Acs, A.; Schmidt, R.; Brauer, H.-D:, Ber. 
Bunsenges. Phys. Chem. 91: 1331-7 (1987) 

87F480 The role of geminate reaction in the self-sensitized 
photooxygenation of helianthrene and helianthrene-derivatives 
encounter- and reencounter probabilities. Brauer, H.-D.; Acs, A.; 
Schmidt, R., Ber. Bunsenges. Phys. Chem. 91: 1337-46 (1987) 

87F537 Kinetics of the photosensitized oxidation of polychlorophenols in 
alkaline aqueous solution. Gsponer, H.E.;Previtali, C.M.; Garcia, N.A.. 
Tnxicnl. Rnvirnn. Chem. 16: 23-37 (1987) 

87F541 Fonnation d'oxygene singulet l~g photosensibllisee par 
I' hypericine. Caracterisation et etude du mecanisme par spectroscopie 
laser. Jardon, P.; Lazortchak, N.; Gautron, R., J. Chim. Phys. Phys.
Chim. Bioi. 84: 1141-5 (1987) 

87F542 Azomethine dyes - sensitizers, quenchers and reaction partner for 
singlet oxygen. Grossmann, N.; Winnig, B.; Weise, A.; Fanghaenel, E., 
J. Prakt. Chem. 329: 767·74 (1987) 

.1 I)h,,~ t"!hAm. RAf. DAhl. Vol. 24. No.2. 1995 



928 WILKINSON, HELMAN, AND ROSS 

87F554 The photosensitising properties and photostability of stilbene 
fiuorescentwhitening agents. Davidson, R.S.; Ismail, G.M.; Lewis, 
D.M.,J. Soc. Dyers Colour. 103: 261-4 (1987) 

87F569 Reactions involving an amino group: A basic mechanism for 
interaction between 7-dialkylaminocoumarins and singlet oxygen. 
Zin'kovskaya, O.V.; Kuznetsova, N.A.; Reznichenko, A.V., High 
Energy Chem. 21: 296-9 (1987) Translated from: Khim. vys. Energ. 21: 

352-5 (1987) 

87F639 Interaction of singlet oxygen [02(1~)] with aliphatic amines and 
hydroxylamines. Encinas, M.Y.; Lemp, E.; Lissi, E.A., J. Chem. Soc., 
Perkin Trans. 2 : 1125-7 (1987) 

87F655 Quenching of singlet oxygen by cobalt complexes. Vidoczy, T.; 
Nemeth, S., Photochemistry and Photophysics of Coordination 
Compounds, H. Yersin and A. Vogler (eds.), Springer-Verlag, Berlin, 
1987, p. 331-3 

87F676 Chemistry of singlet oxygen. 48. Isolation and structure of the 
primary product of photooxygenation of 3,5-di+butyl catechol. 
Jt:nst:n, F.; FUUlt:, C.S., Phowc:ltem. Phowbiol. 415; 325-30 (1987) 

87M341 Some limitations in the use of biliverdin for the examination of 
singlet oxygen participation in oxidation reactions. Polewski, K.; 
Slawinska, D., Rocz. Akad. Roln. Poznaniu 177: 35-46 (1987) 

87N090 Comparative study of the sensitized photooxidation of N-methyl 
phenothiazine in homogeneous and microheterogeneous media. 
Oliveros, E.; Pheulpin, P.; Braun, A.M., Tetrahedron 43: 1713-23 
(1987) 

87R032 Photo-properties of a silicon naphthalocyanine: A potential 
photosensitizer for photodynamic therapy. Firey, P.A.; Rodgers, 
M.A.1., Photochem. Photobiol. 45: 535-8 (1987) 

87R074 Photo oxidation effects on 13 hydroxybutyrate dehydrogenase: 

Studies of membrane fragments and intact mitochondria. Robinson, 
RS.; Roberts, AJ.; Campbell, J.D., Photochem. Photobiol. 45: 231-4 
(1987) 

87R138 Dye sensitised phow-oxidation of the methyl and phenyl esters of 
oleic and linoleic acids. Chacon, IN.; Jamieson, G.R.; Sinclair, RS., 
Chem. Phys. Lipids 43: 81-99 (1987) 

87R227 Quenching of singlet molecular oxygen by the screening 
pigments melanin and ommochrome. Egorov, S.Yu.; Dontsov, A.E.; 
Krasnovsky, A.A.; Ostrovskii, M.A., Biophysics 32: 740-2 (1987) 
Translated from: Biojizika 32: 685-6 (1987) 

88A026 Interaction of sinj:!;let molecular oxygen with disubstituted 
olefins. Evidence for a physical quenching induced by the hydrocarbon 
chain. Tanielian, c.; Mechin, R, J. Phys. Chem. 92: 265-7 (1988) 

88AI05 Singlet molecular oxygen: Not a major product of the reaction 
betwe.en tris(2,?'-bipyridine)mthpninm(3+) :md ~Ilpproxide radif'al 

anions. Mulazzani, Q.G.; Ciano, M.; D' Angelantonio, M.; Venturi, M.; 
Rodgers, M.A.l,J. Am. Chem. Soc. 110: 2451-7 (1988) 

88Al64 Deactivation of singlet molecular oxygen by thiols and related 
compounds, possible protectors against skin photosensitivity. Rougee, 
M.; Bensasson, R.V.; Land, E.1.; Pariente, R, Photochem. Photobiol. 47: 
485-9 (1988) 

88A165 Singlet oxygen yields and radical contributions in the dye
sensitised photooxidation in methanol of esters of pOlyunsaturated fany 
acids (oleic, linoleic, linolenic and arachidonic). Chacon, IN.; 
McLearie, J.; Sinclair, R.S.,Photochem. Photobiol. 47: 647-56 (1988) 

88A276 Ability of platinum(II) complexes of 2,2'-bipyridine and 1,tO
phenanthroline with halides and pseudo-halides to photosensitize the 
production of 102' Shukla, S.; Kamath, S.S.; Srivastava, T.S., J. 
Photochem. Photobiol., A 44: 143-52 (1988) 

88A284 The production of singlet molecular oxygen by zinc(II) 
phthaJocyanine in ethanol and in unilamellar vesicles. Chemical 
quenching and phosphorescence studies. Valduga, G.; NoneJ1, S.; 
Reddi, E.; Jori, G.; Braslavsky, S.E., Photochem. Photobiol. 48: 1-5 
(988) 

88A385 Lumiflavin-sensitized photooxygenation of indole. Yoshimura, 
A.: Ohno, T., Photochem. Photobiol. 48: 561-5 (1988) 

88A398 Time-resolved reaction of 02(lA) with r in aqueous solution. 
Draathcn, 0.; Chou, P.-T., Frci,H.,J. Phys. Chem. 92; 6610-5 (1988) 

88A427 Identification of both preequilibrium and diffusion limits fOI 

reaction of singlet oxygen, 02e ~g)' with both physical and chemical 
quenchers: Variable-temperature, time-resolved infrared luminescence 
studies. Gorman, A.A.; Hamblett, 1.; Lambert, c.; Spencer, B.; Standen, 
M.C.,J. Am. Chem. Soc. 110: 8053-9 (1988) 

88A507 Kinetics of elementary reactions of singlet oxygen with 
thiophenes and with their complexes with metals. Darmanyan, A.P.; 
Sirota, T.V.; Mazaletskii, A.B., Kinet. Catal. 29: 1151-7 (1988) 
Translated from: Kinet. Katal. 29: 1323-30 (1988) 

88E018 Singlet oxygen luminescence quantum yields in organic solvents 
and water. Losev, A.P.; Byteva, l.M.; Gurinovich, G.P., Chem. Phys. 
Lett. 143: 127-9 (1988) 

88E452 Triplet energy surfaces of one-way isomerizing ole fins as studied 
by singlet oxygen luminescence technique. Ami, T.; Karatsu, T.; 
Tsuchiya, M.; Sakuragi, H.; Tokumaru, K., Chem. Phys. Lett. 149: 161-6 
(1988) 

88E479 Singlet-oxygen quenching by carotenoids: Steady-state 
luminescence expeIimems. Murasecco-Suardl, P.; Oliveros, E.; Braun, 
A.M.; Hansen, H.-l, Helv. Chim. Acta 71: 1005-10 (1988) 

88E657 Silicon naphthalocyanine triplet state and oxygen: A reversible 
energy-transfer reaction. Firey, P.A.; Ford, W.E.; Sounik, l.R; Kenney, 
M.E.; Rodgers, M.AJ.,J. Am. Chem. Soc. 110: 7626-30 (1988) 

88E775 Delayed fluorescence of the Kautsky-Mueller type from liquid 
solutions of aromatic compounds and oxygen. Nickel, B.; Rodriguez 
Prieto, M.F., Ber. Bunsenges. Phys. Chem. 92: 1493-503 (1988) 

88F059 Mechanism of synergistic stabilization by hindered amines. 
Yang, X.-Z.; Chen, Y.; Dickinson, L.c.; Chien, lC.W., Polym. Degrad. 
Stab. 20: 1-35 (1988) 

88F151 Singlet oxygen production and photoisomcrizo.tion: Two 

competitive processes for merocyanine 540 irradiated with visible light. 
Hoebeke, M.; Seret, A.; Piette, J.; van de Vorst, A., J. Photochern. 
Ph%bio/', B 1: 437 -46 (1988) 

MF41:5 Products and relative reaction rates of the oxidation uf 

tocopherols with singlet molecular oxygen. Neely, W.C.; Martin. 1M.; 
Barker, S.A., Photochem. Plwtobiol. 48: 423-8 (1988) 

88F440 Study on antioxidants and their activity with singlet oxygen by 
fluorescence spectroscopy. Lang, J.; Shi, l; Li, G., Huadong Huagong 
Xueyuan Xuebao 14: 65-70 (1988) 

88F462 Interaction of singlet oxygen with nitroso- and phenol-type 
inhibitors. Moger, G.; Dannanyan, A.P., MaJrj. Kem. Foly. 94: 282-4 
(1988) 

88F485 Oxygen consumption in two aqueous systems: Excited nitrite 
ions-oxygen and nitrite ions-singlet oxygen. Bilski, P.; Szychlinski, 1.; 
01phy, F, 1 Phntnrhpm PhntnhinC A 4S' ?fiq-RR (19RR) 

88F503 Photosensitized formation of singlet molecular oxygen in 
solutions of water soluble porphyrins. Direct luminescence 
measurements. Krasnovsky, A.A.,Jr.; Egorov, S.Yu.; Nasarova, O.V.; 
Yartsev, E.!.; Ponomarev, G.V., Stud. Biophys. 124: 123-42 (1988) 

88F582 Singlet oxygen in the photodegradation of aminoanthraquinones. 
Rtishchev, N.1.; Studzinskii, O.P.; Ponomareva, R.P., J. Org. Chern. 
USSR 24: 1150-4 (1988) Translated from: Zh. Org. Khim. 24: 1277-81 
(1988) 

88F650 On the mechanism of quenching of singlet oxygen by chlorinated 
phenolic pesticides. Palumbo, M.e.; Garcia, N.A., Toxicol. Environ. 
Chem. 17: t03-16 (1988) 

88Mt09 Chemical sources of singlet oxygen. 2. Quantitative generation 
of singlet oxygen from hydrogen peroxide disproportionation catalyzed 
by molybdate ions. Aubry, J.M.; Cazin, B., inorg. Chem. 27: 2013-4 
(1988) 

88N343 Generation of singlet oxygen lAg photosensitized by hypericin, 
kinetic study in non ionic micellar medium. Racinet, H.; Jardon, P.; 
Gautron, R., J. Chim. Phys. Phys.-Chim. Bioi. 85: 971-7 (1988) 

88P313 Qucnching action towards 102 of some nitroxyl rodicDls and 

hindered amines and their photostabilizing efficiencies. Cen, 1.; Hu, x.; 
Shen, D.; Zhu, L., Ganguang Kexue Yu Kuang Huaxue : 1-8 (1988) 



RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION 929 

~MR064 Some prevalent biomolecules as defenses against singlet oxygen 
damage. Dahl, T.A.; Midden, W.R; Hartman, P.E., Photochem. 
Photobiol. 47: 357-62 (1988) 

~KR070 Direct detection of singlet oxygen sensitized by nalidixic' acid: 
The effect of pH and melanin. Dayhaw-Barker, P.; Truscott, T.G., 
Photochem. Plwtobiol. 47: 765-7 (1988) 

ilKRl36 Mechanism of physical quenching of singlet molecular oxygen 
by chlorophylls and related compounds of biological interest. 
Tanielian, C.; ·Wolff, c., Plwtochem. Plwtobiol. 48: 277-80 (1988) 

"iI!lI~ t 42 Quenching of s:inglet oyygen by haematnpnrphyrin lierivative 

(and haematoporphyrin) and its consequences on the efficiency of 
photodynamic cancer therapy. TanieHan, c.; Heinrich, G.; Entezami, 
A.,J. Chem. Soc .• Chem. Commun. : 1197-8 (1988) 

~1iR.193 Photophysical parameters of pheophorbide a: phosphorescence 
and generation of singlet molecular oxygen. Krasnovsky, AA.,Jr.; 
Neverov, K.V.; Egorov, S.Yu.; Reder, B., Opt. Spectrosc. (USSR) 64: 

471-4 (1988) Translated from: Opt. Spektrosk. 64: 790-5 (1988) 

I!XR194 Photophysical studies of tin(IV)-protoporphyrin: Potential 
phototoxicity of a chemotherapeutic agent proposed for the prevention 
of neonatal jaundice. Land, E.J.; McDonagh, A.F.; McGarvey, D.J.; 
Truscott, T.G., Proc. Natl. Acad. Sci. U.s.A. 85: 524Q-53 (1988) 

tl8R200Laser flash photolysis of purpurins: Novel potential 
photosensitizers of interest in photodynamic therapy. Borland, C:F.; 
McGarvey, D.J.; Morgan, AR; Truscott, T.G., J. Photochem. 
Plwtobiol., B 2: 427-34 (1988) 

BBR236· . Correlation between· the rates of singlet oxygen quenching by 
phenols and their inhibitory effects on benzo(a)pyrene-induced 
neoplasia. Bensasson, R.V.; Rougee, M., C. R. Acad. ScL, Ser. 3 307: 
807-10(1988) 

t(SZ15S· Absolute determmation of quantum yields of photosensitization 
by time resolved thermal lensing. Redmond, RW.; Braslavsky, S.E., 
NATOASlSer., Ser. H15: 93-5 (1988) 

H9A099 Trimethyl phosphite traps intennediates in the reaction of 102 

and diethyl sulfide. Nahm, K.; Foote, C.S.; J. Am. Chem. Soc. 111: 
1909':'10 (1989) 

~9 A 105 ' Generation and transient spectroscopy of substituted diaryl 
carbonyl oxides. Scaiano, lC.; McGimpsey, W.G.; Casal, H.L., J. Org. 
Chem.54: 1612-6 (1989) 

119A202 Photochemical reactions. Part 23. Photo-oxygenation of styrenic 
estrogens: Product characterization and kinetics of the dye-sensitized 
photo-oxygenation of 9,11':didehydroestrone derivatives. Planas, A.; 

Lupon, P.; Cascallo, M.; Bonet; J.-l, Helv. Chim. Acta 72: 715-24 
(1989) 

R9A235 Concerning the mechanism of reaction of simple conjugated 
olefin triplet states with oxygen. Gorman, AA; Rodgers, M.AJ., J. 
Arn. Chem. Soc. 111: 5557-60 (1989) 

89A241 Photoenol biradicals as singlet oxygen sensitizers. Redmond, 
RW.; Scaiano, J.C.,J. Phys. Chem. 93: 5347-9 (1989) 

89A254 Mechanism and kinetics of the methylene-blue-sensitized photo
oxygenation of polydienes. Tanielian, c.; Mechin,· R., 1. Photochem. 
Plwtobiol., A 48: 43-51 (1989) 

89A322 Time-resolved study of the photooxygeno.tion of 3 

hydroxy flavone. Studer, S.L.; Brewer, W.E.; Martinez, M.L.; Chou, P.
T., J. Am. Chem. Soc. 111: 7643-4 (1989) 

89A331 Singlet molecular oxygen quenchirig by saturated and 
unsaturated fatty-acids and by cholesterol. Vever-Bizet, C.; Dellinger, 
M.; Brault, D.; Rougee, M.; Bensasson, RV., Photochem. Photobiol. 50: 
321-5 (1989) 

89A346 Evidence for hole injection from OiL\) into p-Si. Graetzel, M.; 
Frei,H .• J. Phys. Chem. 93: 7U37-41 (l~~~) 

89A400· Determinati~n of rate. constants of 102 consumption by 102 
acceptors in weakly deactivating solvents. Opriel, U.; Seikel, K.; 
Schmidt, R; Brauer, H.-D., J. Photochem. Plwtobiol., A 49: 299-309 
(1989) . 

89A506 Lifetime of singlet oxygen in aqueous hydrogen peroxide (BHP). 
Rodgers, M.AJ.; Shand, M.A, AFWL-TR-89-07, 1989, 24p.; AD
A211545 

89B024 Triplet state characteristics and singlet oxygen generation 
properties of anthracycJines. Andreoni, A.; Land, EJ.; Malatesta, V.; 
McLean, AJ.; Truscott, T.G., Biochim. Biophys. Acta 990: 190-7 (1989) 

890112 An ESR study of the visible light photochemistry of gilvocarcin 
V. Alegria, A.E.; Krishna, C.M.; Elespuru, R.K.; Riesz, P., Photochem. 
Photobiol. 49: 257-65 (1989) 

89El13 A pulse radiolysis based singlet oxygen luminescence facility. 
Gorman, AA; Hamblett, I.; Land, E.1., J. Am. Chem. Soc. 111: 1876-7 
(1989) 

R9Fl SR Anthrnlin-lierive:cl trnns:ients, I. The triplet state and the products 

of its reaction with oxygen in benzene. Bruce, J.M.; Gorman, A.A; 
Hamblett, I.; Kerr, C.W.; Lambert, C.; McNeeney, S.P., Photochem. 
Plwtobio/; 49:439-45 (1989) 

89E232 Thermal lens measurements in liquids on a sub microsecond time 
scale. Isak, S.1.; Komorowski, S.J.; Merrow, C.N.; Poston, P.E.; Eyring, 
E.M.,Appl. Spectrosc. 43: 419-22 (1989) 

89E324 Solvent effects on the ability of amines to physically quench 
singlet oxygen as determined by time-resolved infrared emission 
studies. Clennan, E.L.; Noe, L.1.; Wen, T.; Szneler, E., J. Org. Chem. 
54: 3581-4 (1989) 

89E365 Dynamics of the triplet state and the reverse proton transfer of 3-
hydroxy flavone. Brewer, W.E.; Studer, S.L.; Standiford, M.; Chou, P.
T.,J. Phys. Chern. 93: 6088-94 (1989) 

89E388 Influence of heavy atoms on the deactivation of singlet oxygen 
(182) in solution. Schmidt, R, J. Am. Chern. Soc. 111: 6983-7 (1989) 

89E505 Chlorin e6' Spectral-energetic characteristics and generation of 
singlet molecular oxygen in some homogeneous and heterogeneous 
systems. Kochubeev, G.A.; Frolov, A.A.; Gurinovich, G.P., Khim. Fiz. 
8: 1184-90 (1989) 

89E585 Rise and decay kinetics of photosensitized singlet oxygen 
luminescence in water. Measurements with nanosecond time-correlated 
single photon counting technique.· Egorov. S.Yu.; Kamalov, V.F.; 
Koroteev. N.L; Krasnovsky, A.A.,Jr.; Toleutaev, B.N.; Zinukov, S.V., 
Chem. Phys. Lett. 163: 421-4 (1989) 

89E597 Behavior of singlet molecular oxygen (18g0 2) in a polymer 
matrix: Effects of temperature, matrix rigidity, and molecular 
composition. Clough, R.L.; Dillon, M.P.; Iu, K.-K.; Ogilby, P.R., 
Macromolecules 22: 3620-8 (1989) 

89E700 Direct determination of lifetimes of singlet oxygen in various 
solvents. Wang, W.; Tang, Y.; Yu, Y., Yingyong Huaxue 6: 54-6 (1989) 

89E798 Measurement of rate constants for quenching singlet oxygen with 
a cypridina luciferin analoge (2-methyl-6-[p-methoxyphenyl]-3-7 _. 
dihydro-imidazo [1,2-a] pyrazin-3-one) and sodium azide. Mashiko, S.; 
Ashino, T.; Mizumoto, I.; Suzuki, N.; Nakano, M.; Goto, T.; Inaba, H., 
Photomed. Plwtobiol. 11: 191-4 (1989) . 

89F024 Physical quenching and chemical reaction of singlet molecular 
oxygen with azo dyes. Bortolus, P.; Monti, S.; Albini, A; Fasani~ E.; 
Pietra, S.,J. Org. Chem. 54: 534-40, 54(13): 3246 (1989) 

89F079 Reaction of singlet oxygen with 2-cyclopenten-l-ones. Kwon. 
B.-M.; Kanner, R.c.; Foote, C.S., Tetrahedron Lett. 30: 903-6 (1989) 

89F181 Mixed-ligand complexes of platinum(II) and palladium(II) with 
1,10 phenQllthroline Qlld nromntic chelnting ligQllds containing OH or 

SH groups as photosensitizers for the generation of 102, Shukla, S.; 
Kamath, S.S.; Srivastava, T.S., J. Plwtochem. Plwtobiol., A 47: 287-98 
(1989) 

89F238 Singlet oxygen mediated photofragmentation reactions of amino 
alcohols: A novel oxidative fragmentation involving both superoxide 
and excited oxygen intermediates. Haugen, C.M.; Whitten, D.G., J. Am. 
Chem. Soc. 111: 7281-2 (1989) 

~~f<26U Quantum yield 01' singlet molecular oxygen sensitization by 
copper(II) tetracarboxyphthalocyanine. Lagorio, M.G.; Dicelio,· L.E.; 
San Roman, E.A.; Braslavsky, S.E., J. Plwtochem. Photobiol., B 3: 
615-24 (1989) 

89F298 Temperature, solvent,. and substituent effects. on the singlet 
oxidations of allylic phenyl sulfoxides, sulfones, and sulfides. Clennan, 
E.L.; Chen, X., J. Am. Chern. Soc. 111: 8212-8 (1989) 



930 WILKINSON, HELMAN, AND ROSS 

89F311 Mixed-ligand nickel (II) complexes of 2,2'-bipyridine and 1,10-
phenanthroline with 3,4-dimercaptotoluene as quenchers of 102' 

Shukla, S.; Srivastava, T.S., J. Photochem. Photobiol., A 48: 249-57 
(1989) 

89F349 Singlet oxygen chemistry. IV. Sensitized photooxygenation of 6-
substituted-} ,4-cyclooctadienes. Chen, D.-L.; Wang, D.-Y.; Xiao, X.-L., 
Acta Chim. Sin. (Huaxue Xuebao) 47: 147-51 (1989) 

89F350 Singlet oxygen chemistry. V. Singlet oxygenation of dialkylated 
phenols. Liu, L.-P.; Wang, D.-Y.~ Xiao, X.-L., Acta Chim. Sin. (Huaxue 
Xuebao) 47: 456-60 (1989) 

89F358 The comparison of photosensitized oxygenation efficiency for 
several kinds of sensitizers. Li, Q.-Y.; Xiao, X.-L.; He, H.-Z.; Zhang, 
L.-H.; Wang, D.-Y., Ganguang Kexue Yu Kuang Huaxue : 59-63 (1989) 

89F368 Octahydropyrrolo[4,3,2-m,n]acridine derivatives. 3. Antiradical, 
antioxidant, erythrocyte-stabilizing activity and quenching of singlet 
oxygen. Tirzite, D.Ya.; Kirule, I.E.; Byteva, I.M.; Tirzit, G.D.; 
Bisenieks, E.A.; Dubur, G.Ya., Khim.-Farm. Zh. 23: 290-2 (1989) 

89P400 Singlet oxygen and triazolincdionc additions to a,j3-unsaturatcd 

sulfoxides. Akasaka, T.; Misawa, Y.; Goto, M.; Ando, W., Tetrahedron 
45: 6657-66 (1989) 

89F462 Self-sensitized photo-oxidation of platinum(II) complexes of 
1,lU-phenanthroHne with 3,4-dimercaptotoluene and thiosalicylic acid 
by 102' Shukla, S.; Kamath, S.S.; Srivastava, T.S., J. Photochem. 
Photobiol., A 50: 199-207 (1989) 

89F484 Flavin-sensitized photo-oxidation of unsaturated fatty adds. 
Fukuzumi, S.; Tanii, K.; Tanaka, T., J. Chem. Soc., Perkin Trans. 2 : 
2103-8 (1989) . 

89M015 Chemical sources of singlet oxygen. 3. Peroxidation of water
soluble singlet oxygen carriers with the hydrogen peroxide-molybdate 
system. Aubry, J.M.; Cazin, B.; Duprat, E, J. Org. Chem. 54: 726-8 
(1989) 

89M038 Evidence for the generation of singlet molecular oxygen during 
dopa and dopamine peroxidation. Kruk, 1.; Lichszteld, K.; Michalska, 
T.; Bounias, M., Z. Naturforsch., C, Biosci. 44C: 39-44 (1989) 

89M096 The quenching of 102( 1 ~g) by anthracyclines in aqueous 
solution. Evidence for a charge-transfer mechanism. Manitto, P.; 
Speranza, G.; Malatesta, V., Chem. Phys. Lett. 159: 310-4 (1989) 

89M097 Quantification of singlet oxygen generated by thermolysis of 
3,3'-(1,4-napbtbylidene)dipropionate. Monomol and dimol 
photoemission and the effects of 1,4-diazabicyclo[2.2.2]octane. Di 
Mascio, P.; Sies, H., J. Am. Chem. Soc. 111: 2909-14 (1989) 

89R044 Bacteriochlorophyll a triplet state and its interactions with 
bacterial carotenoids and oxygen. Borland, C.E; Cogdell, RJ.; Land, 
E.1.; Truscott, T.G., J. Photochem. Photobiol., B 3: 237-45 (1989) 

89R092 Photosensitized oxidation of biomaterials and related model 
compounds. Davila, J.; Harriman, A., Photochem. Photobiol. 50: 29-35 
(1989) 

89R188 Lycopene as the most efficient biological carotenoid singlet 

oxygen quencher. Di Mascio, P.; Kaiser, S.; Sies, H., Arch. Biochem. 
Biophys. 274: 532-8 (1989) 

90A018 Pressure effect on the lifetime of singlet oxygen in solutions. 
Okamoto, M.; Tanaka, P.; Tt:rauishi, H., J. Php. Chem. 94; 669-72 
(1990) 

90A022 Photoreactions of macrocyclic dyes bound to human serum 
albumin. Davila, J.; Harriman, A., Photochem. Photobiol. 51: 9-19 
(1990) 

90A184 Physical and chemical scavenging of singlet molecular oxygen 
by tocopherols. Kaiser, S.; Di Mascio, P.; Murphy, M.E.; Sies, H., Arch. 
Biochem. Biophys. 277: 101-8 (1990) 

90A300 Kinetic studies on anthralin photooxidation. Mueller, K.; 
Kanner, R.c.; Foote, C.S., Photochem. Photobiol. 52: 445-50 (1990) 

90A328 Effect of oxygen-enhanced intersystem crossing on the observed 
efficiency of formation of singlet oxygen. McLean, A.J.; McGarvey, 
D.1.; Truscott, T.G.; Lambert, C.R.; Land, E.1., J. Chem. Soc., Faraday 
Trans. 86: 3075-80 (1990) 

90A437 Interaction between singlet oxygen and biologically active 
compounds in aqueous solution. III. Physical and chemical 100 

quenching rate constants of 6,6' -diapocarotenoids. Speranza, G. 
Manitto, P.; Monti, D., J. Photochem. Photobiol., B 8: 51-61 (1990) 

90E030 A pulse radiolysis and pulsed laser study of the vitamin D3 triplet 
state: Lifetime, relaxation and 'non vertical 'excitation. Gorman, A.A.. 
Hamblett, 1.; Lambert, c.; Prescott, A.L., Photochem. Photobiol. 51-

29-35 (1990) 

90E220 Singlet oxygen formation in a solid organic polymer upon 
irradiation of the oxygen-polymer charge-transfer band. Ogilby, P.R.; 
Kristiansen, M.; Clough, R.L., Macromolecules 23: 2698-704 (1990) 

90E297 Hydrazines: New charge-transfer physical quenchers of singlet 
oxygen. Clennan, E.L.; Noe, L.1.; Szneler, E.; Wen, T., J. Am. Chem. 
Soc. 112: 5080-5 (1990) 

90E312 Quantum yields of triplet and 02( 1 ~g) formation of 4-thiouridinc 
in water and acetonitrile. Heihoff, K.; Redmond, RW.; Braslavsky. 
S.E.; Rougee, M.; Salet, c.; Favre, A.; Bensasson, RV., Photochem. 
PhLltohiol !i1: f\i4-41 (1 <)<)0) 

90E324 Photosensitized formation and quenching of molecular oxygen by 
monomeric and aggregated pigment molecules of photosynthesizing 
bacteria. Egorov, S.Yu.; Krasnovsky, A.A.,Jr.; Vychegzhanina, I.V.: 
Drozdova, N.N.; Krasnovskii, A.A., Doklady Biophys. 310: 6-10 (1990) 

Translated from: Dokl. Akad. Nauk SSSR 310: 471-5 (1990) 

90E374 Laser-induced optoacoustics combined with near-infrared 
emission. An alternative approach for the determination of intersystem 
croSSing quantum yields applied to porphycenes. Nonell, S.; 

Aramendia, P.E; Heihoff, K.; Negri, RM.; Braslavsky, S.E., J. Phys. 
Chem. 94: 5879-83 (1990) 

90E400 Investigations of luminescence quenching of singlet oxygen by 
organic substances by the mechanism of charge transfer. Venediktov, 
E.A.; Lipatov, N.G.; Berezin, B.D., Khim. Fiz. 9: 611-5 (1990) 

90E491 A photopbysical study of some purpurins. Macpherson, A.N.; 
Kessel, D.; Morgan, A.R; Munro, I.; Truscott, T.G., J. Chem. Soc., 
Faraday Trans. 86: 3081-5 (1990) 

90E530 Potential photosensitizers for photodynamic therapy. n. 
Photophysical properties of [26] porphyrin. Schermann, G.; Schmidt, 
R; Voelcker, A.; Brauer, H.-D.; Mertes, H.; Franck, B., Photochem. 
Photobiol. 52: 741-4 (1990) 

90E622 Carotenoids, tocopherols and thiols as biological singlet 
molecular oxygen quenchers. Di Mascio, P.; Devasagayam, T.P.A.; 
Kaiser, S.; Sies, H., Biochem. Soc. Trans. 18: 1054-6 (1990) 

90E731 Quenching of the luminescence of singlet molecular oxygen by 
phthalocyanines and naphthalocyanines. Krasnovsky, A.A.,Jr.; 
Rodgers, M.A.J.; Gal'pern, M.G.; Kenney, M.E.; Luk'yanets, E.A., 
Bloorg. Khim. 16; 1413-8 (1990) 

90F065 Kinetic parameters of the reactivity of dihydroxy naphthalenes 
with singlet oxygen. Croux, S.; Maurette, M.-T.; Hocquaux, M.; 
Ananides, A.; Braun, A.M.; Oliveros, E., New J. Chem. 14: 161-7 (1990) 

90F069 Heavy atom quenching of the singlet delta dioxygen molecule 
(l,b,g 02)' Corey, EJ.; Khan, A.U.; Ha, D.-C., Tetrahedron Lett. 31: 
1389-92 (1990) 

90F111 Intennedil'lte!: in the ene reaction~ of ~inglet oxygen and N
phenyl-1,2,4-triazoline-3,5-dione with olefins. Orfanopoulos, M.; 
Smonou, 1.; Foote, C.S.,J. Am. Chem. Soc. 112: 3607-14 (1990) 

90F157 Chalcogenapyrylium dyes as potential photochemotherapeutic 
agents. Solution studies of heavy atom effects on triplet yields, 
quantum efficiencies -of singlet oxygen generation, rates of reaction 
with singlet oxygen, and emission quantum yields. Detty, M.R; 
Merkel, P.B., J. Am. Chem. Soc. 112: 3845-55 (1990) 

90F196 Mixed-ligand palladium(II) and platinum(II) complexes of (X

diimine and azide as photosensitizers of 102 production. Kamath, S.S.; 
Srivastava, T.S., J. Photochem. Photobiol., A 52: 83-9 (1990) 

90F241 Singlet oxygenation of oxadisiliranes. Syntheses and crystal 
structure of 1,2,4,3,5-trioxadisilolanes. Ando, W.; Kako, M.; Akasaka, 
T.; Kabe, Y., Tetrahedron Leu. 31: 4177-80 (1990) 



RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION 931 

~J0F':251 Singlet oxygen photogeneration by ionized and un-ionized 
derivatives of Rose Bengal and eosin Y in diluted solutions. Amat
Quem, F.; Lopez-Gonzalez, M.M.C.; Maninez~Utril1a, R.; Sastre, R., J. 
Plwtochem. Photobiol .• A 53: 199-210 (1990) 

~}\)F292 Role of exciplex and ion pair in the photosensitized oxygenation 
of 1,4-diphenyl-1,3-butadiene. Takahashi, Y.; Wakamatsu, K.; Kikuchi, 
K.; Miyashi, T., J. Phys. Org; Chem. 3: 509-18 (1990) 

'){)F329 Sensitized photooxygenation. 3. Mechanistic studies on the 
singlet oxygenation of 5,6-disubstituted 3,4-dihydro-2H-pyrans. Chan, 
Y.-Y.; Li, X.; Zhu, c.; Liu, X.; Zhang, Y.; Liang, X., J. Org. Chern. 55: 
5497,.504 (1990) 

'X)F347 The interaction of singlet molecular oxygen 02(lllg) with indolic 
derivatives. Distinction between physical and reactive quenching. 
Palumbo, M.C.; Garcia, N.A.; Arguello, G.A., J. Photochem. Photobiol., 
B 7: 33-42 (1990) 

f)0F360 Mechanisms and rate constants for the quenching of singlet 
oxygen by nickel complexes. Shiozaki. H.: Nakazumi. H.: Takamura, 
Y.; Kitao, T., BulL Chem. Soc. Jpn. 63: 2653-8 (1990) 

{lOF41 1 Redox propenies of phenols, their relationships to singlet oxygen 
quenching and to their inhibitory effects on benzo(a)pyrene-induced 
nenpla~ia. Scurlock. R.: Rou2ee. M.: Bensasson. RV .. Free Radical 
Res. Commun. 8: 251-8 (1990) . 

l)OF473 Quenching of singlet oxygen by alkenes with a hindered double 
bond. Sharipov. G.L.; Voloshin, A.!.; Kazakov, V.P.; Tolstikov. G.A., 
Bull. Acad. Sci. USSR, Div. Chem. Sci. 39: 233-6 (1990) Translated 
from: Izv. Akad. Nauk SSSR, Ser. Khim. : 286-9 (1990) 

90F502 Steady-state near-infrared detection of singlet molecular oxygen: 
A Stern-Volmer quenching experiment wi\h luminol, superoxide 
dismutase, and Cypridina luciferin analogues. Suzuki, N.; MizUllloto, 
1.; Toya, Y.; Nomoto. T.; Mashiko, S.; Inaba, H., Agric. Bioi. Chern. 54: 
2783-7 (1990) 

~}()F511 The effect of oxygen on the kinetics of the photo-sensitised 
chemiluminescence of g]ycyltryptophan. Lozovskaya, E.L.: 
Sapezhinskii, 1.1., Russ. J. Phys. Chern. 64: 537-9 (1990) Translated 
from: Zh. Fiz.·Khim. 64: 1012-6 (1990) 

90F518 Singlet molecular oxygen-mediated photooxidation of 
mnnnchlornand mononitrophenols. A kinetic study. Palumbo. M.C.: 
Garcia, N.A.; Gutierrez, M.l.; Luiz, M., Toxieol. Environ. Chern. 29: 
85-94 (1990) 

90F554 The role of excited singlet molecular oxygen in the 
photodegradation of functional squarylium dyes. Kuramoto, N., J. Soc. 
Dyers Colour. 106: 181-6 (1990) 

90M125 Determination of rate constants for quenching singlet oxygen by 
chemiluminescence technique. Shereshovets, V.V.; Kabalnova, N.N.; 
Komissarov, V.D.; Mavrodiev, V.K.; Lerman, B.M.; Belogaeva, T.A.; 
Tolstikov, G.A.,React. Kinet. Catal. Lett. 41: 251-6 (1990) 

90N078 Quenching of singJet molecular oxygen (1.1.g0 2) in silica 
gel/cyclohexane heterogeneous systems. A direct time-resolved study. 
Iu, K.-IC: ThomM. 1.K,.}. Am. Chl'm Sn{'. 112' 3~1c)-25 (1c)90) 

90ROO6 Potential photosensitizers for photodynamic tumor therapy. 1. 
Photophysical properties of two chlorin derivatives. Schennann, G.; 
Voelcker, A.; Seikel. K.; Schmidt, R.; Brauer, H.-D.; Montforts, F.-P., 
Photoclum. Photobiol. 51: 45-51 (1990) 

90R128 Effects, quenching mechanisms, and kinetics of carotenoids in 
chlorophyll-sensitized photooxidation of soybean oit Lee, S.-H.; Min, 
D~B.,J. Agrie. Food Chern. 38: 1630-4 (1990) 

90R134 Quenching of singlet oxygen by human plasma. Kanofsky, lR, 
Photochem. Photobiol. 51: 299-303 (1990) 

90R162 EPR studies of trapped singlet oxygen (102) generated during 
photoirradiation of hypocrelIin A. Zang, L.-Y.; Zhang, Z.; Misra, H., 
Photochem. Photobiol. 52: 677-83 (1990) 

90Rl64 In vitro photodynamic activity of kryptocyanine. Harriman, A.; 
Luengo, G.; Gulliya, K.S., Photochern. Plwtobiol. 52: 735-40 (1990) 

90R212 The photodynamic effect of Rose Bengal on proteins of the 
mitochondrial inner membrane. GiuHvi, C.; Sarcansky, M.; Rosenfeld, 
R; Boveris, A., Photochem.Photobiol. 52: 745-51 (1990) 

90U480 The effects of nickel(II) chelates on photosensitized oxidation of 
soybean oil. Min, D.B.; Lee, S.H., Dev. Food Sci. 24: 939-51 (1990) 

91A252 Effect of the peptide bond on the singlet~molecular-oxygen
mediated sensitized photo-oxidation of tyrosine and tryptophan 
dipeptides. A kinetic study .. Bertolotti, S.G.; Garcia, N.A.; Arguello, 
G.A.';. Photochem. Plwtobiol., B 10: 57-70 (1991) 

91A271 Pressure effect on the radiationless deactivation of singlet oxygen 
by lA-diazobicyc1o[2.2.2]octane in six different solvents. Seikel, K.; 
Brauer, H.-D., Ber. Bunsenges. Phys. Chem. 95: 900-4 (1991) 

91 A297 A laser flash photolysis study of aromatic nitrones. Triplet state 
properties and reactivity with singlet oxygen. Cyr, D.R.; Mathew, T.; 
Ashok, K.; Das, P.K.; George, M.V., 1. Photochem. Plwtobiol., A 60: 
161-74 (1991) 

91A31l Singlet oxygen and electron-transfer mechanisms in the 
dicyanoanthracene-sensitized photooxidation of 2,3-diphenyl-l,4-
dioxene. Silverman, S.K.; Foote, C.S., J. Am. Chern. Soc. 113: 7672-5 
(1991) 

91A341 Sensitized photo-oxidation of dihydroxybenzenes and 
chlorinated derivatives. A kinetic study; Martire, D.O.; Braslavsky, 
S.E.; Garcia, N.A.,J. Plwtochem. Photobiol.~ A 61: 113-24 (1991) 

91A394 Oxidation of ~lIperoxide rndi('.al anion by fm:~it?.rl tri~(2,'2'
bipyridine)ruthenium(II) ion in acetonitrile. A search for singlet 
molecular oxygen. Mulazzani, Q.G.; D'Angelantonio, M.; Venturi, M.; 
Rodgers, M.AJ., J. Phys. Chern. 95: 9605-8 (1991) 

91A448 Triplet energies and singlet oxygen reaction rates of 
pyrazolotriazole azomethlne dyes. Douglas, P.; Townsend, S.M.; 
Ratcliffe,R, J. Imaging Sci. 35: 211-8 (1991) 

91A478 Nanosecond measurements of photosensitized luminescence of 
singlet molecular oxygen in aqueous solutions saturated by air: Effect 
of temperature and detergent presence. Zinukov, S.V.; Kamalov, V.F.; 
Koroteev. N.I.; Krasnovsky, kA.,Jr., Opt. Spectrosc.(USSR) 70: 460-2 
(1991) Translated from: Opt. Spektrosk. 70: 790-4 (1991) 

91EOO3 Photophy!<i('ru propertie~ nf Coo- Arbogad, IW,: Dllnnanyan, 

A.P.; Foote, C.S.; Rubin, Y.; Diederich. F.N.; Alvarez, M.M.; Anz., S.1.; 
Whetten, R.L.';. Phys. Chern. 95: 11-2 (1991) 

9IE134 Polymer bound pyrrole compounds. VI. Photophysical properties 
of monomeric model~ for poly~tyrene-bound porphyrins. Non~ll, S.; 
Sese, M.L.; Martire, D.O.; Braslavsky, S.B.; Trull, F.R., Photochem. 
Pholobiol. 53: 185-93 (1991) 

9IE297 Charge-transfer state and singlet oxygen (lAg 02) production in 
photoexcited organic molecule-molecular oxygen complexes. 
Kristiansen, M.; Scurlock, RD.; Ill; K.-K.; Ogilby, P.R., 1. Phys. Chern. 
95: 5190-7 (1991) 

91E427 Isotope-dependent quenching of singlet molecular oxygen (lAg) 

by ground-state oxygen in several perhalogenated solvents. Afshari. E.; 
Schmidt, R, Chem. Phys. Lett. 184: 128-32 (1991) 

91E465· The singlet oxygen and carotenoid interaction. Conn, P.P.; 
Schalch, W.; Truscott, T.O., J. Photochem. Photobiol., B 11: 41-7 (1991) 

91E:510 Measurement of rate constants for quenching singlet oxygen with 

a Cypridina luciferin analog (2·methyl-6-[p-methoxyphenyIJ-3,7-
dihydroimidazo[1,2-a]pyrazin-3-one) and sodium azide. Mashiko, S.; 
Suzuki, N.; Koga, S.; Nakano, M.; Goto, T.; Ashino, T.; Mizumoto, I.; 
Inaba.., II., J. Diolumin. Cht:milumin.. 6: 69-72 (1991) 

91E697 Structural effects of ole fins in the photooxygenation with 
electron-accepting sensitizers. Kinetic approach to reactive 
intennediates. Konuma. S.; Aihara, S.; Kuriyama, Y.; Misawa, H.; 
Akaba, R; Sakuragi, H.; Tokumaru, K., Chem. Lett. : 1897-900 (1991) 

91F098 Self-sensitized photo-oxidation of platinum(ll) complexes of 
1,lO-phenanthroline with 3,4-dimercaptotoluene and thiosalicyclic acid 
by 102 (S. Shukla, S.S. Kamath and T.S. Srivastava, J. Photochem. 
Photobiol.. A: Chern., 50 (1989) 199-207) - a reply. Paul. A.K.; 
Venkatesan, R.; Srivastava, T.S., J. Photochem. Photobiol., A 56: 399 
(1991) 

91F163 Dye-sensitized photooxygenation of 2,3-dihydrofurans: 
CUlUpt;Ullg [2 T 2) \,;,Yl,;loaddilion:s and eue l~actions of singlet oxygen 
with a rigid cyclic enol ether system. Gollnick, K.; Knutzen-Mies, K., 
J.Org. Chem. 56: 4017-27 (1991) 



932 \VILKINSON, HELMAN, AND ROSS 

91F170 Effect of temperature on sulfide photooxidations. Evidence for a 
reversibly fonned exciplex? Clennan, E.L.; Oolman, KA.; Yang, K; 
Wang, D.-X., J. Org. Chem. 56: 4286-9 (1991) , 

91F285 Structure-activity relationship in the quenching reaction of 
singlet oxygen by tocopherol (vitamin E) derivatives and related 
phenols. Finding of linear correlation between the rates of quenching 
of singlet oxygen and scavenging of peroxyl and phenoxyl radicals in 
solution. Mukai, K; Daifuku, K; Okabe, K; Tanigaki, T.; Inoue, K, J. 
Org. Chem. 56: 4188-92 (1991) 

91F286 Kinetic implications of remote participation during 
photooxidation at sulfur. Clennan, E.L.; Yang, K; Chen, X., J. Org. 
Chem. 56: 5251-2 (1991) 

91F300 Oxidation of substituted phenols in the environment: A QSAR 
analysis of rate constants for reaction with singlet oxygen. Tratnyek, 
P.G.; Hoigne, J., Environ. Sci. Techno!. 25: 1596-604 (1991) 

91F332 The reactivity of citronellol and a-thujene with singlet oxygen. 
Rate constants ot chemIcal reaction and physical quenching. Bl 

Bouanui, M.; Gorrichon, J.P.; Braun, A.M.; Oliveros, E., Photochem. 
Photobiol. 54: 619-23 (1991) 

91F359 Dark and photoinduced interactions between riboflavin and 
indole auxins. Miskoski, S.; Garcia, N.A., Collect. Czech. Chem. 
Commun. 56: 1838-49 (1991) 

91F405 Photo-oxygenation of styrenic estrogens: Structural analysis of 
R,9-ciiciehydro-. 6.7-didehydro-. and 9,11-didehydroestrone derivatives 
and their reactivity towards singlet oxygen. Malet, C.; Planas, A.; 
Brosa, c.; Piniella, J.P.; Rius, J., Helv. Chim. Acta 74: 1412-24 (1991) 

91F497 Sensitized photooxygenation. VI. Kinetic studies on the singlet 
oxygenation of 6-ethyl-3,4-dihydro-2H-pyran-5-carboxylic acid ethyl 
ester and 6-isopropyl-3,4-dihydro-2H-pyran-5-carboxylic acid ethyl 
ester. Huang, Z.; Liang, X.; Chan, Y., Chin. J. Chem. 9: 506-11 (1991) 

91F516 Detennination of the chemical reaction rate constants of the 
quenching agents and singlet oxygen by HPLC. Li, G.; He, S.; Shi, J.; 
Zhang, J., Huadong Huagong Xueyuan Xuebao 17: 431-6 (1991) 

91P158 Inhibiting action of polymeric hindered amines on the oxidation 
of l,4-polybutadiene by singlet oxygen. Pan, J.-Q., Polym. Degrad. 
Stab. 32: 219-29 (1991) 

91R017 Photochemistry of merocyanine 540: The mechanism of 
chemotherapeutic activity with cyanine dyes. Davila, J.; Harriman, A.; 
GuIliya, KS.,Photochem. Photobiol. 53: 1-11 (1991) 

91R020 In vivo andphotophysical studies on photooxidative damage to 
lens proteins and their protection by radioprotectors. Roberts, J.E.; 
Kinley, J.S.; Young, A.R; Jenkins, G.; Atherton, S.1.; Dillon, l, 
Photorhpm Phntobiol. 53: 33-8 (991) 

91R053 Temperature effects on photosensitized processes. Gottfried, V.; 
Kimel, S.,J. Photochem. Photobiol., B 8: 419-30 (1991) 

91R055 Activity of thiols as singlet molecular oxygen quenchers. 
Devasagayam, T.P.A.; Sundquist, A.R.; Dj Mas~jo, r.; Kaiser, S.; Sics, 

H., J. Photochem. Photobiol., B 9: 105-16 (1991) 

91R127 Fonnation of 8-hydroxy(deoxy)guanosine and generation of 
strand breaks at guanine residues in DNA by singlet oxygen. 
Devasagayam, T.P.A.; Steenken, S.; Obendorf, M.S.W.; Schulz, W.A.; 
Sies, H., Biochemistry 30: 6283-9 (1991) 

91R206 Studies on the mechanism of the hematoporphyrin-sensitized 
photooxidation of 1,3-diphenylisobenzofuran in ethanol and 
unilamellar liposomes. Reddi, E.; Valduga, G.; Rodgers, M.A.1.; Jori, 
G., Photochem. Photobiol. 54: 633-7 (1991) 

9l1~ 251 Chemically induced Parkinson's disease. III. A study of a possible 
role of singlet molecular oxygen in Parkinson's disease. Chacon, J.N.; 
Truscott, T.G., J. Photochem. Photobiol., B 11: 261-7 (1991) 

91 R262 Deactivation of singlet molecular oxygen by organo-selenium 
compounds exhibiting glutathione peroxidase activity and by sulfur
containing homologs. Scurlock, R; Rougee, M.; Bensasson, R.V.; 
Evers, M.; Dereu, N., Photochem. Photobiol. 54: 733-6 (1991) 

91 U026 Effects, quenching mechanisms, and kinetics of nickel chelates in 
singlet oxygen oxidation of soybean oil. Lee, S.-H.; Min, D.B., J. 
Agric. Food Chern. 39: 642-6 (1991) 

91U128 a-, 'Y- And 8-tocopherol effects on chlorophy1l-photosensitized 
oxidation of soybean oil. Jung, M.Y.; Choe, E.; Min, D.B., J. Food SI I 

56: 807-10, 815 (1991) 

91 U 180 Effects of quenching mechanisms of carotenoids on 11:, 

photosensitized oxidation of soybean oil. Jung, M.Y.; Min, D.B.,J. Ali, 

Oil Chem. Soc. 68: 653-8 (1991) 

91 U181 A comparative study on the susceptibilities of soybean, sunflO\\'I'1 
and peanut oils to singet molecuar oxygen photooxidation. Neumanll. 
M.M.; Fusero, S.N.; Garcia, N.A., J. Am. Oil Chern. Soc. 68: 662 ., 
(1991) 

91U201 Inhibitory effect of amino acids and dipeptides on the sensiti/t"11 
photooxidation of fats. Neumann, M.M.; Fusero, S.N.; Garcia, N.A . 
Felt Wiss. TechnoI. 93: 453-6 (1991) 

92A014 The contribution by diffusion to the cycloaddition reactions (il 

singlet oxygen with furans in solution under high pressure. Okamolp. 
M., J. Phys. Chem. 96: 245-8 (1992) 

92AUY:5 YIelds of singlet dioxygen produced by (hI:: rt:al,;liull UclWCCll IIIl 

excited state of tris(bipyridine)ruthenium(II) and triplet dioxygen ill 
various solvents. Zahir, KO.; Haim, A., J. Photochern. Photobiol.. ;\ 
63: 167·72 (1992) 

92A123 Photobleaching of merocyanine 540: Involvement ot singkl 
molecular oxygen. Singh, Rl; Feix, lB.; Kalyanararnan, B, 
Photochem. Photobiol. 55: 483-9 (1992) 

92A252 Antioxidant activity of the . pyridoindole stobadine. Puls(' 
radiolytic characterization of one-electron-oxidized stobadine alld 

quenching of singlet molecular oxygen. Steenken, S.; Sundquist, A.R, 
Jovanovic, S.V.; Crockett, R; Sies, H., Chern. Res. Toxicol. 5: 355-W 
(1992) 

92A325 Reaction of singlet molecular oxygen with tetramethyl-o 
xylylene. Redmond, RW.; Harwig, C.W.; Scaiano, J.e., J. Photochell! 
Photobiol., A 68: 255-9 (1992) 

92A386 Singlet oxygen quenching by tertiary alkyl ethers. Boneva, M. 
Ivanov, S.K; Oliveros, E.; Braun, A.M., J. Photochem. Photobiol .. A 68: 
343-51 (1992) 

92DOO8 Photooxidation of organic and inorganic substrates during UV 
photolysis of nitrite anion in aqueous solution. Bilski, P.; Chignell, 
c.P.; Szychlinski, J.; Borkowski, A; Oleksy, E.; Reszka, K., J. Am 
Chem. Soc. 114: 549-56 (1992) 

92D048 Spectroscopic studies of cutaneous photosensitizing agents, 
XVII. Benzanthrone. Dabestani, R; Sik, R.H.; Motten, A.G.; Chignell, 
c.P., Photochem. Photobiol. 55: 533-9 (1992) 

92D227 Identification by ESR spectroscopy and spectrophotometry of 
singlet oxygen, fonned during autoxidation of catecholamines, 
Lichszteld, K; Michalska, T.; Kruk, 1., Z. Phys. Chem. (Munich) 175: 

117-22 (1992) 

92E220 Quenching of singlet oxygen in solid organic polymers. Ogilby, 
P.R.; Dillon, M.P.; Kristiansen, M; Clough. R.L.. Macromolecules 25: 
3399-405 (1992) 

92E225 The quenching of singlet molecular oxygen by carnosine and 
anserine in aqueous solution. Egorov, S.Yu.; Kurella, E.G.; Boldyrev, 
A.A.; Klasllovsky, A.A.,Jr., Bioorg. Khim. 18: 142-4 (1992) 

92E256 Collisional deactivation of 02( 1 ~g) by solvent mol~cules. 
Comparative experiments with 160 2 and 180 2, Schmidt, R.; Afshari, E., 
Ber. Bunsenges. Phys. Chem. 96: 788-94 (1992) 

92E274 Reaction of singlet oxygen with vinyl-substituted porphyrins. A 
kinetic study by laser flash photolysis. Aveline, B.; Delgado, 0.; 
Brault, D., J. Chem. Soc., Faraday Trans. 88: 1971-6 (1992) 

92E555 Photophysics and photochemistry of 221t and 261t acetylene
cumulene porphyrinoids. Martire, D.O.; Jux, N.; Aramendia, P.F.; 
Negri, RM.; Lex, J.; Braslavsky, S.E.; Schaffner, K.; Vogel, E., J. Am. 
Chem. Soc. 114: 9969-78 (1992) 

92E654 Assay of lycopene and other carotenoids as singlet oxygen 
quenchers. Di Mascio, P.; Sundquist, A.R; Devasagayam, T.P.A.; Sies, 
H., Methods Enzymol. 213: 429-38 (1992) 



RATE CONSTANTS FOR MOLECULAR OXYGEN IN SOLUTION 933 

tlJF063 Quantum yields of singlet-oxygen production by some natural 
quinoid fungal metabolites and derivatives. Aminian-Saghafi, T.; 
Nasini, G.; Caronna, T.; Braun, A.M.; Oliveros, E., Helv. Chim. Acta 75: 

.531-8 (1992) . 

fofl03 Photooxidation of 1,5-dithiacyclooctane. A novel C-S bond 
cleavage. Sheu, C.; Foote, CS.; Gu, C.-I.., J Am r.hpm 5\nr. 114~ 

3015-21 (1992) 

!IIFI04 Comparison of the photooxidations of 1,5-dithiacyc1ooctane, 
l,4-dithiane, and pentamethylene sulfide. Another example of remote 
participation during photooxidation at sulfur? Clennan, E.L.; Wang, 

D.,X.; Yang, K.; Hodgson, OJ.; Oki, A.R., J. Am: Chern. Soc. 114: 
3021-7 (1992) 

*tW181 Influence of the ionic strength on 02(lAg) quenching by azide. 
Rubio, M.A.; Martire, 0.0;; Braslavsky, S.E.; Lissi, B.A.,J. Photochem. 
Plwtobiol., A 66:153-7 (1992) 

. V:F189 Tellurapyrylium dyes as catalysts for oxidations with hydrogen 
peroxide and as scavengers of singlet oxygen. DihydroxyteHuranes as 
mild oxidizing agents. Detty, M.R.; Gibson, S.L., Organometallics 11: 
2147-56 (1992) 

<t)2F192 Photodynamic degradation of vitamin E induced by psoralens. 
Costantini, C.; d'Ischia, M.; Napolitano, A.; Misuraca, G.; Prota, G., 
lJiochim. Biophys. Acta 1116: 291-6 (1992) 

9]'F210 Investigation of 102 generation by water-soluble a.~diimine 
complexes of platinum(II) and palladium(II) with 3,4-dihydroxybenzoic 
acid as photosensitizers. Anbalagan, V.; Srivastava, T.S., J. Photochern. 
Photobio1., A 66: 345-53 (1992) 

!12F225 Remote participation during photooxidation at sulfur. Evidence 
for sulfurane ~ntermediates. Clennan, E.L.; Yang, K., J. Org. Chem. 57: 
4477-87 (1992) 

')2F251 Photosensitized oxygenation of oIetins with zinc tetraphenyl-
porphine-l,4-diazabicycJo{2.2.2]octane complex. Sakuragi, M.; 
Ichimura, K.; Sakuragi, H., Bull. Chem. Soc. lpn. 65: 1944-9 (1992) 

1)2F270 Photophysical properties and photo-oxygenation of 2-(4-
ethoxycarbonylphenyl)-I,8-dihydropyrrolo[3' ,2' :3,4 ]cyclopenta[1 ,2., 
b]pyridine (EPCP). Dunsbach, R.; Brauer, H.-D.; Schmidt, R.; Wang, J.; 
Gossauer, A., J. Photochem. Photobiol., A 67: 227-35 (1992) 

~Ut"4U:l Physico-chemical modeling of the role of free radicals .. in 
photodynamic therapy. 1. Utilization of quantum yield data of singlet 
oxygen formation for the study of the interaction between excited 
photosensitizer and stable free radicals. Vidoczy, T.; Elzemzam, S.; 
Ow, D., Btochem. Biophys. Res. Commun. 169: 1548-52 (1992) 

92F465 Kinetic and thermodynamic aspects. of the dye-sensitised photo
oxidation of bioresmethrin and related· compounds. Clements, P.; 
Wells, C.H.J., Pestk Sci. 35: 305-8 (1992) 

92F491 Mechanism of the 9,10-dicyanoanthracene-sensitized 
photooxidation of N,N-dibenzylhydroxylamine in polar and non-polar 
solvents. Sakurai, T.; Vematsu, Y.; Tanaka, 0.; Inoue, H., l. Chern. Soc., 
Perkin Trans. 2 : 2163-7 (1992) 

92F505 Singlet molecular oxygen quantum yield measurements of some 
porphyrins and metalloporphyrins. Venkatesan, R.; Periasamy, N.; 
Srivastava, T.S., Proc. - Indian A cad. ScL, Chern. Sci. 104: 713-22 
(1992) 

92M228 The influence of some biological antioxidants on the light 
emission from the oxytetracycline oxidation reaction. Kruk, I.; 
Lichszteld, K.; Michalska, T.; Paraskevas, S.M., Toxico!. Environ. 
Chpm. Sf;' 167-73 (199?) 

92N179 Singlet oxygen chemistry. VI. The kinetics of photooxygenation 
of 2;5-diphenylbenzofuran (DPBF) induced by hypocreallin A (HA) in 
micelles. Jiang, X.-F; Wang, D.-Y., Acta Chim. Sin. (Huaxue Xuebao) 
50: 391-6 (1992) 

92N201 Generation and reactions of singlet oxygen photosensitized by 
hypericin in dipalmitoylphosphatidylcholine vesicles. Bouirig, H.; 
Eloy, D.; Jardon, P., J. Chim. Phys. Phys.-Chim. BioI. 89: 1391-411 
(1992) 

92N305 Photocatalytic transformation of 2,5-furandimethanol in aqueous 
ZnO suspensions. Richard, C.; Martre, A.M.; Boule, P., J. Photochem. 
Photobiol., A 66: 225-34 (1992) 

92N330 Sensitized photooxygenation of mononitrophenols in micellar 
media. Luiz, M.; Gutierrez, MJ.; Bocco, G.; Bertolotti, S.G.; Garcia, 
N.A., Toxicol. Environ. Chem. 35: 115-23 (1992) 

92R054 Synthetic carotenoids, novel polyene polyketones and new 
capsorubin isomers as efficient quenchers of singlet molecular oxygen. 
neva"agayam, TP.A.: Werner. T.: Ippendorf. H.: Martin. H.D.: Sies. H .. 
Photochem. Photobiol. 55: 511-4 (1992) 

92R076 Quenching of singlet molecular oxygen by phthalocyanines and 
naphthalocyanines. Krasnovsky, A.A.,Jr.; Rodgers, M.AJ.; Galpern, 
M.G.; Rihter, B.; Kenney, M.E.; Lukjanetz, B.A., Photochem. 

Photobiol. 55: 691-6 (1992) 

92R107 A laser flash photolysis study of the triplet states of the red and 
the blue forms of Blepharisma japonicum pigment. Ghetti, F.; 
Checcucci, G.; Lenci, F.; Heelis, P.P., J. Photochem. Photobiol., B 13: 
315-21 (1992) 

92R313 A proposed function for spermine and spermidine: Protection of 
replicating DNA against damage by singlet oxygen. Khan, A.U.; Mei, 
Y.-H.; Wilson, T., Proc. Natl. Acad. Sci. U.S.A. 89: 11426-7 (1992) 

93AOl7 Volume of activation for the radiationless deactivation of singlet 
oxygen in aromatic hydrocarbons. Okamoto, M.; Tanaka., F., J. Phys. 
Chern. 97: 177-80 (1993) 

93A050 Reactions oforganometalIic complexes with singlet oxygen. 
Photooxidation of Vaska's complex. Selke, M.; Foote, C.S., J. Am. 
Chem. Soc. 115: 1166-7 (1993) 

93AI03 Hydroxyanthraqllinones as "enl:1ti7'ers of elel"tron-transfer
induced photo-oxygenation reactions. Gollnick, K.; Held, S.,· J. 
Photocheni. Photobiol., A 70: 13545 (1993) 

93A244 Production of singlet oxygen (It\g 02) by 9,10~dicyanoanthracene 
and acridine: Quantum yields in acetonitrile. Scurlock, R.D.; Ogilby, 
P.R., J. Photochem. Photobiol., A 72: 1-7(1993) 

93A326 Antioxidant activity of flavonoids: Efficiency of singlet oxygen 
(ldg) quenching. Tournaire, C.; Croux, S.; Maurette; M.-T.; Beck, I.; 
Hocquaux, M.; Braun, A.M.; Oliveros, E., J. Photochem. Photobiol., B 
19: 205-15 (1993) 

93A380 Photo chromic reactions involving pall adi um(In 
octabutoxynaphthalocyanine and molecular oxygen. ruhter, B.D.; 
Kenney, M.B.; Ford, W.B.; Rodgers, M.A.I., J. Am. Chem. Soc. "5: 
8146-52 (1993) 

930154 The photooxidation of diethylhydroxylamine by Rose Bengal in 
micellar and nonmicellar aqueous solutions. Bilski, P.; Motten, A.G.; 
Bilska, M.; Chignell, c.F., Photochem. Photobiol. 58: 11-8 (1993) 

93E090 Nitroxyl free radical enhancement of the forbidden 02eLg') -+ 

02( lAg) radiative transition in chlorinated hydrocarbon solvents. 
Belford, R.E.; Seely, G.R.; Gust, D.; Moore, T.A.; Moore, A.; Cherepy, 
N.J.; Ekbundit, S.; Lewis, J.E.; Lin, S.H., J. Photochern. Photobiol., A 
70: 125-33 (1993) 

93E091 02(a lAg) production and quenching by Coo and C;o. Black, G.; 
Dunkle, E.; Dorko, E.A.; Schlie, L.A., J. Photochem. Photobiol., A 70: 
147-51 (1993) 

93E183 Magnetic field effects on excited-state oxygen-organic molecule 
interactions. Ogilby, P.R.: Sanetta, J., J. Phys. Chem. 97: 4689-94 
(1993) 

93E248 Upconversion of the singlet oxygen 1269 nrn emission to the 
visible. Allan, D.; Gorman, A.A.; Hamblett, I.; Hodgson, B.W.; 
Uunbert, C., Photochem. Photobiol. 57: 893-4 (1993) 

93E301 Time-resolved measurements of singlet oxygen dimol-sensitized 
luminescence. Krasnovsky, A.A.,Jr.; Foote, C.S~, J. Am. Chern. Soc. 
115: 6013~6 (1993) 

93E520 Synthesis and photoproperties of silicon phthalocyanines and 
silicon naphthalocyanines. Wen, T.-C.; Liu, M.-E.; Young, S.-H.; Lee, 
Y.-S.; Chen, K.-M.; Kuo, C.-N., l. Chin. Chem. Soc. (Taipei) 40: ·141-7 
(1993) 

93E536 Singlet molecular oxygen [02(ldg)] production and quenching by 
hydroxybiphenyls. Martire; 'D.O.; Evans, C.: Bertolotti, S.G.; 
Braslavsky, S.E.; Garcia, N.A., Chemosphere 26: 1691-701 (1993) 



934 WILKINSON, HELMAN, AND ROSS 

93E539 Reactions of singlet oxygen with organometallic complexes. 2. 
Fonnation of a metastable rhodium-dioxygen complex. Selke, M.; 
Foote, C.S.; Karney, W.L., Inorg. Chem. 32: 5425-6 (1993) 

93E684 Mechanism of quenching of singlet molecular oxygen 
luminescence by pyrroles. Venediktov, E.A.; Titova, Yu.v., Biofizika 
38: 1031-4 (1993) 

93F069 A kinetic study of the photodynamic properties of the xanthene 
dye merbromin (mereuroehrome) and its aggregates with amino Beida in 

aqueous solution. Martinez, G.; Bertolotti, S.G.; Zimennan, O.E.; 
Martire, D.O.; Braslavsky, S.E.; Garcia, N.A,J. Photochem. Photobiol., 
B 17: 247-55 (1993) 

93F128 High reactivity of heterocoerdiamhrones (HCDs) in 

photoperoxidation and thermal stability of their endoperoxides. Use of 
HCD as a photosensitizer under sunlight. Motoyoshiya, J.; Masunaga, 
T.; Harumoto, D.; Ishiguro, S.; Narita, S.; Hayashi, S., Bull. Chem. Soc. 
lpn. 66: 1166-71 (1993) 

93F160 Reaction of singlet oxygen with disiliranes: Dioxygen insertion 
into Si-Si a bonds. Ando, W.; Kako, M.; Akasaka, T.; Nagase, S., 
Organometallics 12: 1514-22 (1993) 

93F191 The aerobic riboflavin-sensitized photodecomposition of 
tryptophan, tryptamine and indole acetic acid. Ground-state and 
photopromoted flavin-indole interactions. Martinez, G.; Zimerman, 
O.E.; Garcia, N.A., Collect. Czech. Chem. Commun. sa: 1299-308 
(1993) 

93F207 The fonnation and removal of singlet (l8.g) oxygen in solid 
organic polymers: Events that may influence polymer 
photodegradation. Ogilby. P.R.: Kristiansen, M.; Martire, D.O.: 
Scurlock, R.D.; Taylor, V.L.; Clough, R.L., Polym. Prepr. (Am. Chem. 
Soc .• Div. Polym. Chem.) 34: 133-4 (1993) 

93F231 Fonnation of 2,5-dihydroxybenzoic acid during the reaction 
between 102 and salicylic acid: Analysis by ESR oximetry and HPLC 
with electrochemical detection. Kalyanaraman, B.; Ramanujam, S.; 
Singh, RJ.; Joseph, J.; Feix, J.B., J. Am. Chem. Soc. 115: 4007-12 
(1993) 

93F327 Mechanistic study of the photooxidation of squalene sensitized 
with 2,2':5',2" -terthiophene and 2,2' -bithiophene. Fujita, H.; Tokiwa, 
K.; Sayama, K.; Mori, H.; Sasaki, M., Bull. Chem. Soc. Jpn. 66: 2960-4 
(1993) 

93F328 SulVt:lIl dTCl:l UII the leul:livily uf JlIuJlu~ulnstjlutcu phcllub 

towards singlet molecular oxygen (02( 18.g) in alkaline media. Luiz, 
M.; Gutierrez, M.l.; Bocco. G.; Garcia, N.A., Can. J. Chem. 71: 1247-52 
(1993) 

93F361 Dimethyl 3,3' -(4-methyl-l,3-naphthylene)dlproplOnate as a 
singlet oxygen trap in biological systems. Mueller, K.; Ziereis, K., 
Arch. Pharm. (Weinheim. Ger.) 326: 369-71 (1993) 

93F367 Sensitized photooxygenations of 3-vinylindole derivatives. 
Zhang, X.; Khan, S.I.; Foote, C.S., J. Org. Chem. 58: 7839-47 (1993) 

93F368 Photochemical elimination of singlet oxygen from 
oxodiperoxomo)ybdenum(VI)-(hexamethyl phosphoric triamide, 
water). An adiabatic photoreaction originating from an upper excited 
electronic state. Seip, M.; Brauer, H.-D., l. Photochem. Photobiol .• A 
76: 1-5 (1993) 

93F413 On the 02(Il!.g)-mediated photooxidative behaviour of tripeptide 
glycyl-tyrosyl-alanine in alkaline medium_ A kinetic ~tndy. Mj.;:kn~ky, 

S.; Bertolotti, S.G.; Garcia, N.A; Arguello, G.A., Amino Acids 4: 
101-10 (1993) 

93M161 Kinetic study of the quenching reaction of singlet oxygen by 
biological hydroquinones and related compounds. Mukai, K.; Itoh, S.; 

Daifuku, K.; Morimoto, H.; Inoue, K., Biochim. Biophys. Acta 1183: 
323-6 (1993) 

93N051 Quenching of singlet molecular oxygen (18.g02) in silica gel~ 
solvent heterogeneous system. II. A direct time-resolved study. Iu, K.
K.; Thomas, J.K., J. Photochem. Photobiol., A 71: 55-60 (1993) 

93R059 Influence of the peptide bond on the singlet molecular oxygen
mediated (02e 8.gD photooxidation of histidine and methionine 
dipeptides. A kinetic study. Miskoski, S.; Garcia, N.A., Photochem. 
Photobiol. 57: 447-52 (1993) 

93R131 Temporal and spectral separation of singlet oxygen luminesccll" 
from near infrared emitting photosensitizers. Naether, D.U.; Gilchri\1 
J.R.; Gensch, T.; Roeder, B., Photochem. Photobiol. 57: 1056-9 (199J) 

93R231 A pulsed laser and pulse radiolysis study of amphiphill' 
chlorophyll derivatives with PDT activity toward malignant melanolllil 
Fiedor, L.; Gonnan, A.A.; Hamblett. I.; Rosenbach-Belkin, V 

Salomon, Y.; Scherz, A.; Tregub, I., Photochem. Photobiol. 58: 506-11 
(1993) 

93R310 Photobiological activities of 1,6-dioxapyrene in pro~ :\Ild 

eukaryotic cells. Averbeck, D.; Polasa, K.; Buisson, J.-P.; Bensass()11 
R.V.; Rougee, M.; Cadet, J.; Ravanat, J.L.; Perin, F.; Vigny, I' 
Demerseman, P.,Mulat. Res. 287: 165-79 (1993) 

93U041 Photooxygenation of 3-hydroxyflavone and molecular design III 

the radiation-hard scintillator based on the excited-state proton transkl 
Chou, P.-T.; Martinez, M.L., Radial. Phys. Chem. 41: 373-8 (1993) 

93Y025 Interaction of singlet and triplet excited states with the sam' 
quencher in micelles. Daraio, M.E.; Aramendia, P.F.; San Roman, I ~ , 
Chem. Phys. Lett. 204: 415-9 (1993) 

94A113 Reactivity of singlet oxygen toward amino acids and peptidc~ 
Michaeli, A; Feitelson, J., Photochem. Phatobio/. 59: 284-9 (1994) 

94A126 Photochemical elimination of singlet oxygen from iridiufll 
peroxo complexes. Seip, M.; Brauer, H.-D., J. Photochem. Photobio/. 
A 79: 19-24 (1994) 

94E153 Curcumin-derived transients: A pulsed laser and pulse radiolysi~ 
study. Gorman, AA; Hamblett, I.; Srinivasan, V.S.; Wood, P.D .. 
Photochem. Photobiol. 59: 389-98 (1994) 

94rOO4 Spectral and photochemical behaviour of newly synthesized 

2,2' -dipyridylamine complexes of Pt(II) and Pd(II) with variou.\ 
dioxolenes. Anbalagan, V.; Srivastava, T.S., J. Photochem. Photobiol.. 
An: 141·8 (1994) 

94F024 Photooxidation of sulfenic acid derivatives. 1. Sulfenamides. Thl' 
surprising behavior of a new class of photo oxidation substrates 
Clennan, E.L.; Zhang, H., J. Am. Chem. Soc. 116: 809-10 (1994) 

94F069 Spectral and photochemical properties of curcumin. ChigneI/, 
C.F.; Bilski, P.; Reszka, KJ.; Motten, A.G.; Sik. R.H.; Dahl, T.A., 
Photochem. Photobiol. 59: 295-302 (1994) 

94F095 Influence of the nuclear substitution on the sensitized 
photooxidation of model compounds for phenolic-type pesticides, 
Bocco, G.; Luiz, M.; Gutierrez, M.I.; Garcia, N.A., J. Prakt, 
Chem'/Chem.~Ztg. 336: 243~6 (1994) 

94R058 Reaction and quenching of singlet molecular oxygen with esten; 
of polyunsaturated fatty acids. Tanielian. C.; Mechin. R., Photochem. 
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13. Molecular Formula Index 

t~r- . 

('C12D2 

:CC13D 

~;HCI3 

CH2Cl2 

CH4N20 

CH4N2S 

CH40 

C2D3N 

C2H3N 
CZH402 

CzHsI 
CZH5N02 

C2H50S

C2H50 3S2-

C2H6N2S 

C2H60 

C2H60S 

C2H6S 

C2H7NS 

czol
C3D60 

C3H4N2 
C3H40 

C3H402 

C3H40 4 

C3H6N02S-

C3~NS2-

C3H60 

C3H6S 

C3H7NO 

C3H7N02S 

C3HSO 

C3H9N 

C3H9NOS 

C3H90 3P 

C4D12N2 

C4H2Br20 

Bromide ion 14.4 

Dichloromethane-d2 17. 17 

Chloroform-d 17. 10 

Chlorofonn 17.9 

Dichloromethane 17. 16 

Urea 17.77 

Thiourea 13.174 

Methanol 17.40 

Acetonitrile-d3 17.5 

Acetonitrile 17.4 

Acetic acid 17. 1 

Iodoethane 17.28 

Glycine 10.15 

2-Hydroxyethylsulfide ion 13.96 

2-Mercaptoethanesulfonate ion 13.92 

N-Methylthiourea 13.176 

Ethanol 17.29 

Dimethyl sulfoxide 13.81 
2-Mercaptoethanol 13.95 

Dimethyl sulfide 13.80 

Cysteamine 13.93 

Oxalate ion 17.48 

Acetone-d6 17.3 

Imidazole 6.6 

Acrolein 2.1 

1,3-Dioxole 2.199 

Malonic acid 17.39 

Cysteine, negative ion 13.68 

Dimethy ldithiocarbamate ion 13.79 

Acetone 17.2 

Methylthiirane 13.152 

Acetone oxime 15.2 
N,N-Dimethylformamide 17.31 

Alanine 10. 1 
~-Alanine 10.2 

Cysteine 13.67 

2-Propanol 17.61 

Isopropylamine 8.28 
Trimethylamine 8.47 
Propylamine 8.84 

3-Amino-2-hydroxypropanethiol 13.131 

Trimethyl phosphite 17.73, 17.74 

Tetra(methyl-d3)hydrazine 8.42 

2,5-Dibromofuran 5.27 

2-Bromofuran 5.21 

Furan 5.14 

C4H4S Thiophene 13.167 

C4H5N Pyrrole 6.59 

C4H5N30 Cytosine 16.20 

C4H6Co04 Cobalt(ll) acetate 12.126 

C4H6N2 

C4H6Ni04 

C4H60 

C4HSN20 

C4HsN20 2 

C4HsN20 3 

C4HSN2S 

C4HsO 

4-Methylimidazole 6.7 

Nickel(n) acetate 12.161 

(E)-2-Butenal 2.44 
2,3-Dihydrofuran 5.29 

(E)-2-Butenoic acid 2.57 
3-Butenoic acid 2.59 
1,4-Dioxene 2.183 
Methacrylic acid 2.252 

2-Butene 2.46 
(E)-2-Butene 2.47 
(Z)-2-Butene 2.48 
2-Methylpropene 2.337 

N-Allylurea 17.78 

Dimethylglyoxime 15.19· 

Glycylglycine 10.16 

Allylthiourea 13.175 

Tetrahydrofuran 17.68 
Ethyl vinyl ether 2.224 

1,4-Thioxane 13~ 177 

C4Hg02 Butyric acid 17.6 
1,4-Dioxane 17.20 

C4Hso6sl- 2,2' -Dithiobisethanesulfonate ion 

C4H BS 

C4H8S2 

C4H9N 
C4H9NO 

C4HlON2 
C4H lOO 

C4H100 2S 

C4HI002S2 

Tetrahydrothiophene 13. 168 

1,4-Dithiane 13.88 

Pyrrolidine 8.96 

2-MethyI-2-nitrosopropane 15.50 

Piperazine 8.51 

I-Butanol 17.8 

2-Methyl-2-propanol 17.62 

2,2'-Thiodiethanol 13.164 

Dithioerythritol 73.49 

Dithiothreitol 13.50 

I-Butanethiol 13.51 
Diethyl sulfide 13.76 

Diethyl disulfide 13.75 

C4HllN Butylamine 8.12 
tert-Butylamine 8.15 
Diethylamine 8.27 
Isobutylamine 8.85 

C4H llNO O,N-Diethylhydroxylamine 15.21 
N,N-Diethylhydroxylamine 15.23 

13.91 

C4H 11 N03 2-Amino-2-(hydr()xymethy 1)-1 ,3-propane-
diol 17.59 
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C4H12NO+ 

C4H12N2 

CSH 3NO 

C5H3N40 3-

N N-Diethylhydroxylammonium ion 15.24 

Tetramethylhydrazine 8.41 

C5H40S 

CSH402 

CSH403 

CSH"Sl 

C5HSN 
CSHSNS 
CsHsNsO 

CSH6 

CSH6N202 

C5H60 

C5H60 2 

C5H60 5 

C5H7N 
C5H7NO 

2-Furanitrile 5.63 

Urate ion 16.64 

Pyran-4-thione 13.138 

2-Furaldehyde 5.9 

2-Furancarboxylic acid 5.54 

Thiopyran-4-tbione 13.172 

Pyridine 6.40 

Adenine 16.63 

Guanine 16.35 

Cyc10pentadiene 2. 140 

Thymine 16.79 

2-Methy lfuran 5.46 

2-Methoxyfuran 5.42 
Furfuryl alcohol 5.78 

2-Ketoglutaric acid 17.51 

N-Methylpyrrole 6.64 

Furfury lamine 5.79 

C5HS Isoprene 2.42 
I-Methylcyc1obutene 2.98 
Cyclopentene 2. 156 
(E)-Piperylene 2.328 
(Z)-Piperylene 2.329 

C5HsN03S- N-Acetylcystdne, negative ion 13.70 

2-Mercaptopropionylglycine, negative ion 
13.102 

C5HsO 2,3-Dihydro-5-methylfuran 5.31 
3,4-Dihydropyran 5.90 

CSH802 (E)-2-Methyl-2-butenoic acid 2.58 
4-Pentenoic acid 2.315 

CsH9N03S N-Acetyl-L-cysteine 13.69 
2-Mercaptopropionylglycine 13.101 

CSHlO02 

CSHlOS 

C5HI1N 

CSH11 N02S 

CSH12 

CSH120 

CsH12S 

Histamine 0.5 

2-Methyl-2-butene 2.56 
I-Pentene 2.302 
(E)-2-Pentene 2.304 
(Z)-2-Pentene 2.305 

2-Methoxy-2-butene 2.55 
3-Methyl-2-bmen-l-ol 2.t50 

Valeric acid 17.79 

Thiime 13.145 

Piperidine 8.53 

Methionine 13.108 
Penicillamine 13.116 

Pentane 17.50 

1,1-Dimethylethyl methyl ether 

Butyl methyl sulfide 13.57 

17.18 

3-Dimethylamino-l-propanol 8.82' 

N-Methyldiethanolamine 8.46 

CSH14N06P Phosphatidylethanolamine 17.52 

CsH 14N2S 2-[ (3-Aminopropyl)amino ]ethanethiol 

C6ClS0-

C6D6 

C6D12 

13.94 

Pentachlorophenoxide ion 4. 179 

Benzene-d6 3.27 

2,3-Dimethyl-2-butene-d12 2.54 
Cyclohexane-d12 17.14 

C6HCIsO Pentachlorophenol 4.140 

C6H2C130- 2A,6-Trichlorophenoxide ion 4.182 

C6H2F40 2,3,5,6-TetrafluOTophenol 4.143 

C6H3C120- 2A-Dichlorophenoxide ion 4.159 
2,6-Dichlorophenoxide ion 4.160 

C6H3C130 2,4,6-Trichlorophenol 4. 146 

C6H3N20 5 - 2,4-Dinitrophenoxide ion 4.164 

C6H4BrO- 4-Bromophenoxide ion 4. 153 

C6H4CIO- 2-Chlorophenoxide ion 4.155 
3-Chlorophenoxide ion 4. 156 
4~Chlorophenoxide ion 4. 157 

C6H4FO

C6H4IO

C6H4N03-

C6H40 2 
C6H 4o.z2-

C6H40 3 

C6H5Br 

C6H5Cl 

C6HsCIO 

C6H5CI02 

C6HSNO 

C6H5N02 

C6HsN03 

C6H:;O-

1,3-Dichlorobenzene 3.35 
lA-Dichlorobenzene 3.36 

2,4-Dichlorophenol 4.113 
2,6-Dichlorophenol 4.114 

4-Fluorophenoxide ion 4.165 

4-Iodophenoxide ion 4.168 

2-Nitrophenoxide ion 4.176 
3-Nitrophenoxide ion 4.177 
4-Nitrophenoxide ion 4.178 

2A-Dinitrophenol 4.123 
2,5-Dinitrophenol 4.124 
2,6-Dinitrophenol 4.125 

1 A-Benzoquinone 16.12 

1,4 -Benzenediol dianion 4.13 

2,5-Furandicarboxaldehyde 5.59 

Bromobenzene 3.30 

Chlorobenzene 3.31 

2-Chlorophenol 4.106 
3-Chlorophenol 4.107 
4-Chlorophenol 4.108 

4-Chlororesorcinol 4.11 
Chloro-l A-benzenediol 4.20 

5-Methyl-2-furanitrile 5.64 

Nitrobenzene 3.47 

2-Nitrophenol 4.137 
3-Nitrophenol 4.138 
4-Nitrophenol 4.139 

Phenoxide ion 4_150 
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"C6H7N 

C(,H7NO 

C6H70 6-

Benzvalene 2.3 
Benzene 3.26 

(E)-2,3-Dimethyl-2-butene-d6 2.52 
(Z)-2,3-Dimethyl-2-butene-d6 2.53 

Phenol 4.92 
2-Vinylfuran 5.53 

1,2-Benzenediol . 4.4 
1,3-Benzenediol 4.10 
l,4-Benzenediol 4.12 
5-Methylfurfural 5.13 
2-Acetylfuran 5.15 

5-(Hydroxymethyl)furfural 5.11 
Methyl 2-furoate 5.57 

Aniline 9.1 

4-Aminophenol 4.95 

Ascorbate ion 16.6 

C(,Hg 1,3-Cyc1ohexadiene 2.103 

C6HgCl2N202 

C6Hg0 3 

C6H9DO 

C6H9N 

C6~NO 

C6H9N302 

trans-l,4-Dichloro-l,4-
dinitrosocyc1ohexane 15.16 

cis-l ,4-Dichloro-l ,4-dinitrosocyc1ohexane 
15.17 

1,4-Dichloro-2,3-diazabicyc1o[2.2.2]oct-2-
ene-2,3-dioxide 15.18' 

I-Methylpyridinium 6.54 

o-Phenylenediamine9.25 
Phenylhydrazine' 9.32 

?A-DimethylfuT:ln 5.33 

2,5-Dimethylfuran 5.34 

Furfuryl methyl ether 5.43 
Cl-Methylfllrfllryl alcohol 5.69 
2,3-Dioxabicyc1o[2.2.2]oct-5-ene 2.182 

2,5-Bis(hydroxymethyl)furan 5.18 

4-M~thyl-2,3-uihyurupynm-4-d 5.92 

2,5-Dimethylpyrrole 6.60 

N-Methylfurfurylamine, 5.65 

Histidine 10.23 

4..:Methyl-2,3-dihydropyran-4-t 5.93 
4-Methyl-2,3-dihydropyran-3-t 5.95 
4-Methyl-2,3-dihydropyran-2-t 5.97 

2,3-D11ll~thy 1-1,3-butadielle 2.39 

2-Ethyl-l,3-butadiene 2.41 
Cyc10hexene 2. 116 
Methylenecyclopentane 2.153 

I-Methylcyclopentene 2.161 
Isopropylidenecyc1opropane 2.170 
1,5-Hexadiene 2.240 
(E,E)-2,4-Hexadiene 2.241 
(E,Z)-2,4..:Hexadiene 2.242 
4-Methyl-l,3-pentadiene2.300 

2,3-Dihydro-4,5-dimethylfuran 5.30 
I-Methoxycyclopentene 2.160 

2-Methy lthiacyc1ohex-2-ene-l-oxide 
13.143 

C6H lO0 3 3,3-Dimethyl-2-oxobutyric acid 17.7 
C6HllNO 5,S-Dimethyl-I-pyrroline-l-oxyl 15.56 

C6HllN30 4 Glycylglycylglycine 10.17 

C6H12 2,3-Dimethyl-I-butene 2.45 
2,3-Dimethyl-2-butene 2.51 
Cyclohexane 17. 13 

C6H12BiN2S4 

2-Hexene 2.244 
(E)-3-Hexene 2.245 
(Z)-3-Hexene 2.246 
2-Methyl-2-pentene 2.307 
3-Methyl-2-pentene 2.308 
(E)-3-Methyl-2-pentene 2.309 
(Z)-3-Methyl-2-pentene 2.310 
(E)-4-Methyl-2-pentene 2.311 
(Z)-4-Methyl-2-pentene 2.312 

Bis( dime thy ldithiocarbamato )bismuth(ll) 
12.55 

C6H12N2 Acetone azine 15.3 
1,4~Diazabicyclo[2.2.2]octane 8.19 
Tetrahydropyrazolo[1,2-a]pyrazole 8.89 

C6H12N2NiS4 

C6H120 6 

C6H12S 

C6H12S2 

C6H13N 

Bis( dimethy ldithiocarbamato )nickel(ll) 
12.56 

Hexame.thylenetetramine 8.32 

(E)-3-Methyl-2-penten-l-ol 2.319 
(Z)-3-Methyl-2-penten-l-ol 2.320 
4-Methyl-3-penten-2-o1 2.323 

l-Ethoxy-2-methyl-l-propene 2.336 

1,5-Dithiacyc1ooctane I-oxide 13.87 

Hexanoic acid 17.38 

Ketene diethyl acetal 2.221 
(£)-1,2-Diethoxyethene 2.222 
(Z)-l,2-Diethoxyethene 2.223 

Glucose 16.34 

Thiepane 13. 146 

1,5-Dithiacyc1ooctane 13.86 

Cyc10hexy lamine. 8. 17 
2-Methylpiperidine 8.59 
N-Methylpiperidine 8.60 
N ,N-Dimethylisbbutenylamine 8.83 

3-Hydroxy-N-methylpiperidine 8.70 
4-Hydroxy-N-methylpiperidine B.71 

C6H 13N02S Methionine methyl ester 13.111 

C6H 13N04S 

C6H14N2 

4-Morpholineethanesulfonic acid 17.45 

Hexahydro-l ,2-dimethy lpyridazine 8.91 
N ,N-Dimethyl-l-pyrrolidinamine 8.95 

C6H14N402 Arginine 10.6 
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C6H16N2 

C6H26N2 

C7Dg 

C7H4NO-

C7H5NO 

2,2-Dimethylpropyl methyl ether 17.19 

tert-Butyl ethyl sulfide 13.56 
Diisopropyl sulfide 13.78 
Dipropyl sulfide 13.82 

N,N-Dimethyl-l-butanamine 8.14 
Triethy lamine. 8.24 
Diisopropylamine 8.29 
Dipropylamine 8.86 

N ,N-Diethylethanolamine 8.23 
O,N ,N -Triethy lhydrox y 1 amine 15.22 

1 ,2-Diethyl-l ,2-dimethylhydrazine 8.33 

Tetra(2-methylpropyl)hydrazine 8.43 

Toluene-dg 3.128 

4-Cyanophenoxide ion 4. 158 

4-Cyanophenol 4.112 

C7HSN20 S - 2-Methyl-4,6-dinitrophenoxide ion 4.173 
4-Methyl-2,6-dinitrophenoxide ion 4.174 

C7Hs03 - Salicylate ion 4.35 

C7H6CINS 4-Chlorothiobenzamide 13.153 

C7H6C120 2,6-Dichloroanisole 3.37 

C7H6N03 - 4-Methyl-2-nitrophenoxide ion 4.775 

C7H6N20 2S 4-Nitrothiobenzamide 13.156 

C7H60 2 Methyl-l,4-benzoquinone 16.13 

C7H7Br03 Ethyl 5-bromo-2-furoate 5.55 

4-Bromophenyl methyl sulfide 13.7 

2-Chloroanisole 3.34 

C7H7CI02 3-Chloro-S-methoxyphenol 4. 111 

C7H7CIS 3-Chlorophenyl methyl sulfide 13.14 
4-Chlorophenyl methyl sulfide 13.15 

C7H7FS 4-Fluorophenyl methyl sulfide 13.21 

C7H 7N03 

C7H70-
C7H70 2-

2-Nitroanisole 3.44 

4-Methylphenoxide ion 4.172 

2-Methoxyphenoxide ion 4.169 
3-Methoxyphenoxide ion 4.170 
4-Methoxyphenoxide ion 4.171 

Norbornadiene 2.4 
Quadricyc1ane 17.63 
Toluene 3.127 

Anisole 3.43 
4-Methylphenol 4.135 

4-(Methylmercapto)phenol 13.120 
2,6-Dimethylpyran-4-thione 13.139 

Methylhydroquinone 4.29 
2-Methoxyphenol 4.129 
3-Methoxyphenol 4.130 
4-Methoxyphenol 4.131 

5-(Methoxymethy I )furan-2-carboxaldehyde 
5.12 

2-[2-(l,3-Dioxolanyl)]furan 5.36 
Ethyl 2-furoate 5.56 

C7HsSe 

C7HSTe 

C7H9N 

Thioanisole 13.29 
Benzyl mercaptan 13.42 

Methylselenobenzene 13.27 

Methyltellurobenzene 13.28 

Benzylamine 8.5 
N-Methylaniline 9.14 

1,3-CycloheptQdiene 2.99 

I-Methyl-l,4-cyclohexadiene 2.107 

2,3-Dimethy 1-2-cyclopenten-I-one 2. 165 

2-Hydroxy-3-methyl-2-cyclohexen-I-one 
2.128 

3-Methoxy-2-methy 1-2-cyclopenten-l-one 
2.167 

3-Isopropy lidene-2-furanone 2.227 

C7H lO0 3 Methy14,S-dihydro-2-methyl-3-
furancarboxylate 5.58 

C7H lOS Bicyclo[2.2.1]heptane-2-thione 13.43 

C7H11N30 4-Hydroxy-6-methyl-2-
(dimethylamino )pyrimidine 16.70 

C7HllOT 4,4-Dimethyl-2,3-dihydropyran-3-t 5.94 
4,4-DimethyI-2,3-dihydropyran-2-t 5.96 

C7H12 trans-2-Cyclopropyl-2-butene 2.49 
11ethylenecyclohexane 2.112 
I-Methylcyclohexene 2.122 
4-Methylcyclohexene 2.123 
EthylidenecycIopentane 2.152 
1,2-Dimethylcyclopentene 2.158 
1,S-Dimethylcyclopentene 2.159 
l-Cyclopropyl-2-methylpropene 2.335 

C7H12NS2- Hexamethy]enedithiocarbamate 13.1 

C7H120 5,o-Vimethyl-3,4-dihydropyran 5.91 
2-(Cyclopentylidene)ethanoI 2.218 
3,4-Dimethy 1-3-penten-2-one 2.324 

l-(Viethy laminO)-2-methylacetylene 8.87 

Quinuclidine 8.97 

4,5,5-Trimethy l-~ I-pyrroline-N-oxide 15.51 
2,4,4-Trimethyl-~ l_pyrroline-N-oxide 15.52 

I-Heptene 2.228 
(Z)-2-Heptene 2.229 
2,4-Dimethyl-2-pentene 2.306 

2,3-Dimethyl-2,3-
diazabicyclo[2.2.1 ]heptane 8. 18 

Viethyl(2-cyanoethyl)amine 8.81 

Glycylmethionine 13.109 

(E)-3,4-Dimethyl-2-penten-l-ol 2.316 
(Z)-3,4-Dimethyl-2-penten-l-ol 2.317 
3-Ethyl-2-penten-l-ol 2.318 

1,2-Dimethylpiperidine 8.57 
2,6-Dimethylpiperidine 8.58 

Heptane 17.34 

N,N-Dimethyl-l-piperidinamine 8.52 
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C7H16S tert-Butyl propyl sulfide 13.58 
sec-Butyl propyl sulfide 13.59 

C7H17NO Diethyl(2-methoxyethyl)amine 8.25' 

C7H lSAuPS Methy lthiolato( triethylphosphino )gold(I) 
12.159 

C7H18N2 1,1,2-Trimethyl-2-(2-
methylpropyl)hydrazine 8.45 

C7H19N3 Spermidine 8.10 

CSF12NiS4 Bis[1,1,1,4,4,4-hexafiuoro-2-butene-2,3-
dithi01 ato ]nickel(II) 12.85 

CsH6F3NS 4-(Trifiuoromethyl)thiobenzamide 13.157 

CsH6N202 3-Phenylsydn-one 5.107 

CsH6N4 1,2,3-Triazolo[1,2-a]benzotriazole 11.177 

CsH60 Isobenzofuran 5.80 

CgH7N Indole 6.8 

CSH7NO 5-Hydroxyindole 6.12 

CSH7N301> Luminol 9.33 

CSH10Z 

CSH70 3-

CSHs 

CSHgBrO

CSHgBr2 

CSHgO 

CSHSOS 

CsHSOS 

CsH9CI02 

CSH9NOS 

CsHc):NS 

CsH90-
C8H90 3-

CSHlO 

CSHl0BrN 

C8HlOCIN 

4-Acetylphenoxide ion 4.151 

Methyl salicylate, conjugate base 4.41 

1,3,5,7':'Cyclooctatetraene 2.136 
Styrene 3.108 

4-Bromo-2,6-dimethylphenoxide ion 4.154 

Cyc100ctatetraene dibromide 2.32 

Acetophenone ·3.2 
5,6-DimethyHdene-7-oxa-2:' 

bicyclo[2.2.1 ]heptene· 2.297 

Methyl benzoate 3.57 
4' -Hydroxy acetophenone 4.93 

Methyl salicylate· 4.40 

Dimethy12,5-furandicarboxylate 5.61 

2-Chloro-l,4-dimethoxybenzene 3.32 
5-Chloro-l,3-dimethoxybenzene 3.33 

4-Methoxythiobenzamide 13.154 

4-Methylthiobenzalnide. 13.155 

2,6-Dimethylphenoxide ion 4.162 

2,6-Dimethoxyphenoxide ion 4.161 

2-Mt;;thylnurbufna-2,5-uit;;nt;; 2.6 
5-Methylene-2-norbornene 2.22 
Ethylbenzene 3,41 
6,6-Dimethylfulvene 2.149 

4-'Bromo-N,N-dimethylaniline 9.2 

3-Chloro-N,N-dimethylaniline 9.3 
4-Chloro-N,N -dimethylaniline 9.4 

N,N-Dimethyl-4-nitrosoaniline 9.7 

1-Phenylethanol 3.55 
2,2-Dimethy 1cyclohexa-3,5-dien-l-one 

2.108 
2,3-Dimethylidene-7-

oxabicyclo[2.2.1 ]heptane 2.295 
2,4-Dimethylphenol 4.116 
2,6-Dimethylphenol 4.117 
3,4-Dimethylphenol 4.118 

4-Methoxyphenyl methyl sulfide 13.22 

1,2-Dimethoxybenzene 3.38 
1,3-Dimethoxybenzene 3.39 
1,4-Dimethoxybenzene 3.40 
1,4-Dihydroxy-2,3-dimethylbenzene 4.22 
1,4-Dihydroxy-2,5-dimethylbenzene 4.23 
1,4-Dihydroxy-2,6-dimethylbenzene 4.24 
6,6-Dimethylfulvene endoperoxide 2.150 

2-Acetoxy-3-methy 1-2-cyclopenten-l-one 
2.163 

3-Acetoxy-2-methy 1-2-cyclopenten-1-one 
2.164 

2,6-nimethoxyphenol 4.115 

CsH 1 004 5-(2-Hydroxyethoxy )methy lfuran-2-
carboxaldehyde 5. 10 

CgHlOS Methyl3-methylphenyl sulfide 13.24 
Methy14-methylphenyl sulfide 13.25 
Benzyl methyl sulfide· . 13.30 

CSHllD endo-2-Methylenenorbornane-3-d 2.13 
exo-2-Methylenenorbornane-3-d 2.14 

CgHllN N,N-Dimethylaniline 9.6 
Phencthylal11illc 8.48 

CgHllNO Tyramine 4.186 

CgH11N02 3,4-Dihydroxyphenethylamine 4.5 

CsH 11 N03 Noradrenaline 4.6 

CsH I1N302 Tetrahydro-2-methyl-5,8-methano-
[1 ,2,4]triazolo[ 1 ,2-a Jpyridazine-l ,3-
dione 17.41 

CgH 12 2-Methylenenorbomane 2. 11 
2-Methylnorbom-2-ene 2.21 
(CycIopropylmethylene)cyc1obutane 2.95 
1,3-Cyclooctadiene 2.129 
1,5-Cyclooctadiene 2.133 
Cyclooctyne 2. 139 

CSH12N40 3 Histidylglycine 10.20 
Glycylhistidine 10.27 

CgH12NiS4 

CgH 120 

Bis(2-butene-2,3-dithiolato)nickeICll) 12.15 

2-Methoxybicyclo[2.2.1 ]cycloheptene 2.20 
2,5-CycIooctadien-l-ol 2.134 
2-(lsopropylidene )cyclopentanone 2. 155 
2-Ethyl-3-methyl-2 .. cyclopenten-l-one 

2.166 

2,2,4,4-Tetramethy1~3-thioxocyclobutanone 
13.62 
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CSH1202 5-Acetyl-3,4-dihydro-6-methylpyran 5.88 
5,5-Dimethyl-l,3-cyclohexanedione 17.15 
6-Hydroperoxy-l,4-cyclooctadiene 2.130 

CgH12S2 2,2,4,4-Tetramethyl-l ,3-
cyclobutanedithione 13.60 

CgH13N I-tert-Butylpyrrole 6.61 
2-tert-Butylpyrrole 6.62 
3-tert-Butylpyrrole 6.63 

CgH13N30 4-Hydroxy-5,6-dimethyl-2-
(dimethylamino)pyrimidine 16.69 

CSH14 2-Cyc1opropyl-3-methyl-2-butene 2.50 
1-tert-Butylcyclobutene 2.97 
Methylenecyc10heptane 2.101 
1-Methylcycloheptene 2.102 
Ethy lidenecyclohexane 2. 110 
1,2-Dimethylcyc1ohexene 2.117 
1,3-Dimethylcyclohexene 2.118 
l,4-Dimethylcyclohexene 2.119 
1,6-Dimethylcyclohexene 2.120 
Cyclooctene 2.137 
2,5-Dimethyl-2,4-hexadiene 2.243 

CgH14N405 Glycylglycylglycylglycine 10.18 

C~H14Ni02S4 
Bis[O-(1-

methylethyl)carbonodithionato]nickel(ll) 
12.98 

CgH140 2-(Cyclohexylidene)ethanol 2.216 

CgH140S 2-Methyl-5-isopropylthiacyclopent-2-ene-l-
oxide 13. 144 

CgH1402S2 1,2-Dithiolane-3-pentanoic acid 13.90 

CgH 14S 2,2,4,4-Tetramethylcyclobutanethione 
13.67 

CgH1502S2 - Dihydrolipoate ion 13. 115 

CgH 16 4-0ctene, (E)- 2.287 
4-0ctene, (Z)- 2.288 
2,3,4-TrimethyI-l-pentene 2.303 
2,3,4-Trimethyl-2-pentene 2.313 
2,4,4-Trimethyl-2-pentene 2.314 

CgH}6N2 1,I'-Bipyrrolidine B.8 
Hexahydropyrazolo[1 ,2-a] [1 ,2]diazepine 

8.88 
Octahydropyridazino[ 1 ,2-a ]pyridazine 8.92 

CgH 160 (E)-3,4,4-Trimethyl-2-penten-1-o1 2.321 
(Z)-3,4,4-Trimethyl-2-penten-l-ol 2.322 

CgH 160 3 1,1,2-Triethoxyethene 2.226 

C&Hll~ 3-Methylhevtane 17.35 
4-Methylheptane 17.36 

Dibutyl sulfide 13.72 
Di-sec-butyl sulfide 13.73 
Di-tert-butyl sulfide 13.74 
Diisobutyl sulfide 13.77 

CgH19N02 Di(2-hydroxyethyl)-tert-butylamine 8.26 

CgH20N2 1,2-Dimethyl-1,2-dipropylhydrazine 8.40 
1,1,2-Trimethyl-2-(2,2-

dimethylpropyl)hydrazine 8.44 

CgH20Ni04P2S4 

CSH21N06P+ 

C9H6N02-

C9H7N 
C9H7NO 

C9H7N02 

C9H7N3 

CgHg 

C9HSN202 

C9HlON2 

C9HlOO 

C9HlO0 3 

C9H lO0 5 

C9H11 CIOS 

C9H11FOS 

C9H11NO 

C9H11N02 

C9H11N03 

C9HllN04 

C 9H12 

Bis(O,O'-
diethylphosphorodithiolato )nickel(ll) 
12.44 

Phosphatidy1choline 17.53 

Indole-3-carboxylate ion 6.26 

Quinoline 6.71 

8-Hydroxyquinoline 6.73 

Indole-2-carboxylic acid 6.25 
Indole-3-carboxylic acid 6.27 

Pyrazolo[I,2-a]benzotriazole 11.131 

Indene 3.69 

3-(4-Methylphenyl)sydnone 5.104 
3-Methyl-4-phenylsydnone 5.105 

(E)-Cinnamic acid 2.91 

2-Hydroxycinnamic acid 4.69 
Phenylpyruvic acid 17.60 

3,4-Dihydroxycinnamic acid 4.68 

1-Methylindole 6.15 
3-Methylindole 6.16 

5-Methoxyindole 6.13 
Indole-3-carbinol 6.24 

5,6-Dimethy lidene-2-bi cyc1 0 [2.2.1 ]heptene 
2.19 

(E)-~-Methylstyrene 3.119 
(Z)-~-Methylstyrene 3.120 

4-(Dimethylamino )benzonitrile 9.22 

2-Methylacetophenone enol 2.219 

3-(p-HydroxyphenyI)propionic acid 4.34 

Furfural diacetate 5.66 

3-(3-Chlorophenyl)thio-l-propanol 13.132 
3-(4-Chlorophenyl)thio-l-propanol 13.133 

3-(4-Fluorophenyl)thio-l-propanol 13.134 

p-Dimethylaminobenzaldehyde 9.10 

Ethyl 4-aminobenzoate 9.9 
Phenylalanine 10.31 

, Tyrosine 4. 187 

3-(3,4-Dihydroxyphenyl)-L-alanine 4.183 

2,3-Djm~thyl~nehjcyclo[2_2_1 ]heptane 2.8 
(E,E)-1-Phenyl-l,3-pentadiene 2.301 

4-Thiouridine 16.76 

C9H 12N206 Uridine 16.80 

2,4,6-Trimethylphenol 4.148 
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2-(4-Methylphenyl)thioethanol 13.97 
3-Phenylthio-l-propanol 13.137 

3,4,5,6,7,8-Hexahydro-I-benzopyran-2-one 

C9H120 4 

C9H13N 

2.92 
Trimethylhydroquinone 4.31 
Cyc10hexylidenemethyl acetate 2.255 
4-Methoxy-2,6-dimethylphenol 4.132 

1.2.3-Trimethoxybenzene 3.52 
1,2,4-Trimethoxybenzene 3.53 
1,3,5-Trimethoxybenzene 3.54 

Ubiquinol 0 4.21 

3-Phenylpropylamine 8.50 
N,N,4-Trimethylaniline 9.19 

2-Methoxy-N,N-dimethylaniline 9.11 
3-Methoxy-N,N-dimethylaniline 9.12 
4-Methoxy-N,N-dimethylaniline 9.13 

C9H 13N03 Adrenaline 4.9 

C9H 13NS p-(Dimethy lamino )thioanisole 13.6 

C9H13N30S Cytidine 16.18 

C9H 14 O-Cyc1opropylethy Udene )cyclobutane 
I,I-Bis(cyclopropyl)-l-propene 2.333 

C9H14N302S-
Ergothioneine ion 13. 105 

C9H 14N303 2,2,5,5-Tetramethyl-3-cyano-4-
nitropyrrolidin-l-oxyl 15.53 

2.94 

2'-Deoxycytidine-5'-monophosphate 

. C9H14N30SP 

16.22 

Cytidine 5'-monophosphate 16.19 

C9H14N403 Histidinyl-~-a]anine 10.3 
Carnosine 10.24 

2-Ethyl-3-methyl-2-cyclohexen-I-one 
2.127 

6-Methoxy-IA-cyclooctadiene 2.131 

2-[ (1,1-Dimethy lethoxy )methy l]furan 5.35 
Acetoxymethylidenecyclohexane 2.111 
(E,2)4,5-Diethylidene-2,2-dimethyl-l,3-

dioxolane 2. 197 
(Z,Z)-4,5-Diethy lidene-2;2-dimethyl-l ,3-

dioxolane 2. 198 

5-Ethoxycarbonyl-3A-dihydro-6-
metbylpyran 5.98 

5-Methoxymethy 1-2-
(dimethoxymethyl)furan 5.32 

3,3-Dimethy Ibicyclo[2~2.1 ]heptane-2-thione 
13.44 

3,5,5-Trimethyl-2-cyclohexene-l-thione 
13.65 

C9H1SN03S Captopril 13.130 

C9H lSN30 2-(Diethy I amino )-4-hydroxy-6-
methylpyrimidine 16.68 

Ergothioneine 13. 104 

C9H16 Ethylidenecycloheptane 2.100 
I-Methylcyclooctene 2.138 
I-tert-Butylcyclopentene 2.157 

C9H 16N02 2,2,6,6-Tetramethyl-4-piperidone N-oxyI 
15.44 

C9H 171NO 4-Iodo-2,2,6,6-tctramcthy 1pipcridin-l-oxyl 
15.42 

C9H 17N40 4-Azido-2,2,6,6-tetramethylpiperidin-l-oxyl 

C9H18 

C9H18N2 

C9H1S0 2 

C9H18S 

C9H19N 

C9H19NO 

C9H19NzO 

15.30 

I-Nonene 2.263 
4-Methyl-4-octene 2.289 
(E)-4-Metby 1-4-octene 2.290 
(Z)-4-Methyl-4-octene 2.291 

2,2,6,6-Tetramethylpiperidine-N-oxyl 15.43 

4-Hydroxy-2,2,6,6-tetramethylpiperidine N-
oxyl 15.33 

1-0-Pyrrolidinyl)piperidine 8.62 

5-Hydroperoxy-4-methyl-3-octene 2.286 

Di-tert-butylthioketone 13.117 

2,2,6,6-Tetramethylpiperidine 8.63 

2,2,6,6-Tetramethylpiperidin-4-o1 8.77 
2,2,6,6-Tetramethy Ipiperidin-l-01 15.28 

4-Amino-2,2,6,6-tetramethylpiperidine-N-
oxyl 15.29 

4-Amino-2,2,6,6-tetramethy lpiperidine 8.54 

5-Hydroxy-1,4-naphthoquinone 4.90 
6-Hydroxy-l A-naphthoquinone 4.91 

2-(4-Brornophenyl)furan 5.22 
3-( 4-Bromophenyl)furan 5.23 

2-(4-Chlorophenyl)furan 5.25 

C lOH7FO 3-(4-Fluorophenyl)furan 5.41 

C lOH7N03 2-(4-Nitrophenyl)furan 5.49 

ClOHg Naphthalene 3.74 

ClOHgNOZ - Indole-3-acetate ion 6.20 

ClOH9N 

ClOH9NO 

ClOH~02 

I-Naphthol 4.88 
2-Naphthol 4.89 
2-Phenylfuran 5.50 
3-Phenylfuran 5.51 

1,5-Dihydroxynaphthalene 4.82 
1,6-Dihydroxynaphthalene 4.83 
1,7-Dihydroxynaphthalene 4.84 
1,8-Dihydroxynaphthalene 4.85 
2,6-Dihydroxynaphthalene 4.86 
2,7 -Dihydroxynaphthalene 4.87 

2-Naphthylamine 9.24 

6-Methoxyquinoline 6.74 

Indole-3-acetic acid 6.21 

.1 Ch,,~ r.h~m. Rp.f. Data. Vol. 24. No.2. 1995 
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2-Methyl-5-(1-methylethyl)-1,3-
cyclohexadiene 2.106 

ClOHlOFe Ferrocene 12.144 

CloHlON202 4-Methyl-3-(4-methylphenyl)sydnone 
5.103 

ClOHlONi 

C lOH 100 

C lOH lO0 4 

ClOHllN 

ClOH llN02 

ClOH12 

ClOH12N2 

C lOH 120 

C lOH 120S 

Nickelocene 12.165 

2,3,5,6-Tetramethylidene-7-
oxabicyclo[2.2.1 ]heptane 2.296 

2,3,5,6-Tetramethylidene-7 -oxa-2-
bicyclo[2.2.1 ]heptane monoendoperoxide 
2.357 

4-Hydroxy-3-methoxycinnamic acid 4.70 

1,3-Dimethylindole 6.10 

2,3-Dimethylindole 6.11 

5,6-Dimethoxyindole 6.9 

4,5,6,7 -Tetrahydro-4,7 -methanoindene 
2.254 

~,~-Dimethylstyrene 3.114 

Tryptamine 10.34 

Anethole 3. 116 

(E)-2-Phenylsulfinyl-2-butene 13.54 
(Z)-2-Phenylsulfinyl-2-butene 13.55 
I-Phenylsulfinyl-2-methylpropene 2.338 

2,5-Bis(ethoxycarbonyl)furan 5.60 
Diethyl 3,4-furandicarboxylate 5.62 

1-(Butylthio)-3-chlorobenzene 13.9 
l-(Buty lthio )-4-chlorobenzene 13. 10 

ClOH13FS l-(Butylthio )-4-fiuorobenzene 13.11 

C lOH13N03 Tyrosine, methyl ester 4.190 

ClOH13N504 Adenosine 16.1 
2'-Deoxyguanosine 16.37 

C lOH 13N50 5 Guanosine 16.36 

C lOH130- 4·(tert-Butyl)phenoxide ion 4.163 

CIOH14 2,3-Dimethylenebicyclo[2.2.2]octane 2.33 
(Dicydopropy lmethy lidene )cyclopropane 

2.168 

ClOH14C004 Bis(acetylacetonato)cobalt(II) 12.7 

ClOH14CoS4 Bis(dithioacetylacewllale)cobalt(TI) 12.73 

ClOH14Cu04 Bis(acetylacetonato)copper(II) 12.8 

Nicotine 8.93 

C lOH14N20 a-(4-Pyridy1)-tert-butyl nitrone 15.48 

C lOH 14N20 2 a-(4-Pyridyl l-oxide)-N-tert-butylnitrone 
15.47 

ClOH14N205 Thymidine 16.77 

ClOH14N506P 
2'-Deoxyadenosine 5' -monophosphate 

16.21 

ClOH14NS07P 

ClOH14NSOgP 

Adenosine 5'-monophosphate 16.2 
2' -Deoxyguanosine 5' -monophosphate 

16.23 

Guanosine 5'-monophosphate 1-6.38 

C lOH 14Ni04 Bis(acetylacetonato)nickel(II) 12.10 

ClOH14Ni04·2H20 
Bis(acety lacetonato )nickel(II) dihydrate 

12.11 

C lOH14NiS4 Bis(dithioacetylacetonato)nickel(II) 12.7·1 

C lOH140 2-Cyc1opentylidenecyc1opentanone 2. 15L
/ 

2-tert-Butylphenol 4.120 
4-ren-Butylpheuul 4.121 

C lOH140S 3-(4-Methylphenyl)thio-I-propanol 13.131; 

ClOH 140 4Zn 

C lOH14S 

p-tert-Buty1catechol 4.8 
4-Methoxy-2,3,6-trimethylphenol 4.134 

3-(4-Methoxyphenyl)thio-I-propanol 
13.135 

1,2,3,4-Tetramethoxybenzene 3.49 
1,2,3,5-Tetramethoxybenzene 3.50 
1,2,4,5-Tetramethoxybenzene 3.51 

Bis(acetylacetonato)zinc(II) 12.13 

(Butylthio)benzene 13.8 
4,6,6-Trimethylbicyc1o[3.1.1 ]hept-3-ene-2-

thione 13.48 

1,5,7-Trimethyl-3-methylidene-2,6,9,lO-
tetrathiaadamantane 2.253 

4-Phenylbutylamine 8.49 
N,N,2,4-Tetramethylaniline 9.17 

C lOH 1SN02 3,4-Dimethoxy-N,N-dimethylaniline 9.5 

ClOHlSN207P 

ClOHlSN208P 

3'-Deoxythymidine 5' -monophosphate 
16.25 

Thymidine 5' -monophosphate 16.78 

ClOHlSN504 Glycyl-L-histidylglycine 10.19 
Glycylglycyl-L-hlstidine 10.28 

7.7-Dimethyl-2-methylenenorbornane 2.9 
2,7,7 -Trimethy lnorborn-2-ene 2.23 
2-Carene 2.26 
4-Carene 2.27 
3-Carene 2.28 
fJ,-Thujene 2.30 
(l-Terpinene 2. 105 
Terpinolene 2.121 
Limonene 2. 124 
Octa1in 2.261 
2,6-Dimethy 1-2,4,6-octatriene 2.285 
(X-Pinene 2.326 
~-Pinene 2.327 
1, I-Bis( cyclopropyl)-2-methyl-l-propene 

2.334 
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N,N,N' ,N' -Tetramethy l-o-pheny lenediamine 
9.26 

N,N,N' ,N'-Tetramethyl-m-phenylenedia.mine 
9.27 

N,N,N',N' -Tetramethyl-p-phenylenediamine 
9.31 

ClOH16N2Ni02 
Bis( 4-imino-2-pe"ntanonato )nickel(II) 12.97 

CIOH16N306S-
Glutathione, negative ion 13.100 

c: IOH16N402 Homocarnosine 10.26 

ClOH16N403 Anserine 10.25 

ClOH16Ns013P3 
Adenosine triphosphate 16.3 

C lOH160 Pulegone 2.115 

ClOH160S 3,3,6,6-Tetramethylthiacyclohept-4-yne 1-
oxide 13. 149 

C)OH160Si 2-(Trimethylsiloxy)norboma-2,5-diene 2.7 

CJOH160 2 6,6-Dimethy1cyclohex-l-enyl acetate 2.126 

C lOH160 2S 3,3,6,6-Tetramethylthiacyclohept-4-yne 1,1-

C lOH n N30 6S 

dioxide 13. 148 

6-Ethyl-3,4-dihydropyran-5-carboxylic acid 
ethyl ester 5.101 

Thiofenchone 13.48 
Thiocamphor 13.47 
3,3,6,6-Tetramethylthiacyc1ohept-4-yne 

13.147 

Glutathione 13.99 

ClOH18 p-Menth-l-ene 2.125 
Ethylidenecyc100ctane 2.135 
(E)-2,6-Dimethyl-2,6-octadiene 2.275 
(2)-2,6-Dimethyl-2,6-octadiene 2.276 
2,7-Dimethyl-2,6-octadiene 2.277 

ClOH18Mn06+ 
Bis( acetylacetonato )manganese(m) 12.9 

ClOH 180 2-(Cyclooctylidene)ethanol 2.217 

Linaloo1 2.280 
(E)-3,7 -Dimethyl-2,6-octadien-1-o1 2.281 
(E)-3,7-Dimethyl-2,7-octadien-l-ol 2.282 
(2)-3,7-Dimethyl-2,7-octadien-1-o1 2.283 

ClOH1gOSi 2-(Trimethylsiloxy)norborn-2-ene 2.24 

ClOHH~02 7 Hydroperoxy 2,7 dimethyl-2,5-octadiene 
2.274 

Hydroperoxy-2,6-dimethyI-2,6-octadiene 
2.278 

6-Hydroperoxy-2,7-dimethyl-2,7-octadiene 
2.279 

Monohydroperoxy-3,7 -dimethy 1-2,6-
octadien-1-o1 2.284 

3,3,6,6-Tetramethy Ithiacyc10hept -4-ene 
13.150 

Di-tert-butylthioketene 13.165 

1,1'-Bipiperidine 8.7 
1,2-Bis( die thy lamino )acety lene 8.30 

ClOH20N2NiS4 
Bis( diethy Idithiocarbamato )nickelCll) 12.40 

ClOH200 (E)-3,7-Dimethyl-2-octen-l-ol 2.292 
(Z)-3,7-Dimethyl-2-octen-1-o1 2.293 
Citronellol 2.294 

C lOH200 4 

ClOH21N 

C lOH21NO 

ClOH24N2 

Tetraethoxyethene 2.225 

1,2,2,6,6-Pentamethylpiperidine 8.61 

1 ,2,2,6,6-Pentamethy 1-4-piperidinol 8.72 

1 ,2-Dimethy 1-1 ,2-dibutylhydrazine' 8.34 
1,I-Dimethyl-2,2-di(2-

methylpropyl)hydrazine 8.37 
1 ,2-Dimethy 1-1 ,2-di(2-

methylpropyl)hydrazine 8.38 

Spermine 8. 11 

Tetrahydro-2,2,6,6-tetramethy lpyrazolo[ 1 ,2-
a]pyrazole 8.90 

Angelicin 5. 1 
Psoralen 5.86 

2-(4-Cyanophenyl)furan 5.26 

C llHg02 2-Methyl-lA-naphthoquinone 16.44 

CllHlO I-Methylnaphthalene 3.86 

C 11 H lOC12N202 
Azo dioxide 6 15.20 

C lIHwN02 - Indole-3-propionate ion 6.29 

C 11 H lOO 2-(4-Methylphenyl)furan 5.47 
3-(4-Methylphenyl)furan 5.48 

2-( 4-Methoxyphenyl)furan 5.44 
3-(4-Methoxyphenyl)furan 5.45 
ex.-Phenylfurfuryl alcohol 5.70 

C l1H llN02 Indole-3-propionicacid 8.30 

C 11 H}} N 3 1 ,3-Dimethy lpyrazolo[ 1 ,2-a ]benzotriazole 
11.132 

CI1HI1N302 1,2,5,6,6a,6b,6c,6d-Octahydro-1,6[l',2']-4-
methyl-3,5-dioxo-l,2,4-
tJi.azolo[1,3]cyc1opropa[1,2,3-
cd]cyc1opropa[gh ]pentalene 17.70 

C II H}lN3S 4-(Aminomethylene)-3'-methyl-l-phenyl-2-
pyrazoline-5-thione 13. 142 

CIIHIIN3Se 4-(Aminomethylene)~3-methyl-l-pheny]-2-
pyrazoline-5-selone 13. 141 

C llH 12 2-Benzyl-l,3-butadiene 2.43 
1 ,2,3A-Tetrahydro-l A-methanonaphthalene 

3.72 

ell H 12N20 Indole-3-propionamide 6.28 

CllH12N202 Indole, 1,2,3-trimethyl-5-nitro- 6.19 
Tryptophan 10.36 

Cu H 13Cl m-Chloro-ex.,~,~-trimethylstyrene 3.109 
p-Chloro-(X,~,~-trimethylstyrene 3. 110 

CllH13CIS 4'-Chloropivalothiophenone 13.127 

.1 Phv~ r.h~m" R~f. n~t~. VnL 24. NO.2. 1995 
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C ll H13FS 4' -Fluoropivalothiophenone 13.128 

Cl1H13N 1,2,3-Trimethylindole 6.18 

C 11 H 13N30 Tryptophanamide 10.43 

C llH14 3-Methyl-l-phenyl-2-butene 3.45 
a,~,~-Trimethylstyrene 3. 123 

CIIH14N202 N-Methoxycarbonyltryptamine 10.35 

CllH14N204 L-Tyrosylglycine 4.76 
Glycyltyrosine 4.189 

C 11H140S 2-Methyl-3-phenylsulfinyl-2-butene 13.53 

C 11H 14S Pivalothiophenone 13.126 

CllHISNO Phenyl-N-tert-butylnitrone 15.46 

CllH1SNOS 4-[(Phenylmethyl)thio]morpholine 13.112 

CllHISN02 3,5-Dlacctyl-l,4-11ihydropyridine 6.47 
EthyI4-(dimethylamino)benzoate 9.21 

2-Sulfunatuphenyl-N-len-butylnitrone 
15.49 

Nopadiene 2.25 
2,3-Dimethylenebicyclo[3.2.2]nonane 2.31 

(Dicyc1opropy lmethy lidene )cyc1obutane 
2.96 

1,1,2-Tricyc1opropylethene 2.169 

2-tert-Butyl-4-hydroxyanisole 4.122 

1-(Butylthio)-4-methoxybenzene 13.12 
4-(4-Methylphenyl)thio-l-butanol 13.52 

4-Methoxy-2,3,5,6-tetramethylphenol 4.133 

Pentamethoxybenzene 3.48 

1-(Butylthio)-4-methylbenzene 13.13 
Methyl 4-tert-butylphenyl sulfide 13.20 

N,N,2,4,6-PentamethyJaniline 9.15 

N,N-Diethy lbenzenemethanesulfenamide 
13.35 

C II H17N20+ a-(1-Methyl-4-pyridy1)-tert-butyl nitrone 
15.45 

CIIH17N20SP 
Nicotinamide mononucleotide, reduced 

16.51 

3-Methyl-2-pentyl-2-cyclopenten-1-one 
2.762 

6-Isopropyl-3,4-dihydropyran-5-carboxylic 
acid ethyl ester 5.99 

2,2,6,6-Tetramethylcyclohexylthioketene 
13.166 

C llH19N30 Dimethirimol 16.66 
Ethirimol 16.67 

ell H200Si 6-(Trimethylsiloxy )-1 ,4-cyc1ooctadiene 
2.132 

CU H2IN N-Cyclohexylpiperidine 8.56 

CIIH22N203S 
L-Methionyl-L-leucine 13.107 

Undecanoic acid 17.76 

ell H23NO N-(2-Hydroxyethyl)-2,2,6,6-
tetramethylpiperidine 8.68 

Cll H26N2 N,N-Diethyl-l,7-heptanediamine 8.31 

C12H2C16NiS4'C16H36N 
Bis[3,4,6-trichloro-l,2-

benzenedithiolato ]nickelate(I), tetrabu
ty lammonium salt 12. 117 

C I2HS0 4 

C12HgCIS 

C12H9NO 

8-Methoxypsoralen 5.87 

l-Chloro-4-(phenylthio)benzene 13.16 

Phenoxazine 6.38 

C12H9N02S I-Nitro-4-(phenylthio)benzene 13.31 

C 12H9NS 

CI2H9N302 

C12H90-

Phenothiazine 13_ 121 

4-Nitroazobenzene 11.61 

2-Phenylphenoxide 4.180 
4-Phcnylphcnoxidt: iun 4.181 

2,2' -Dihydroxybiphenyl, conjugate base 
4.166 

2,5-Dihyuruxybiphenyl, conjugate base 
4.167 

Cl2HlON2 Azobenzene 11.57 

C12HlON3S+ Thionine cation 11.114 

C 12H 100 2' -Acetonaphthone 3. 1 
2-Hydroxybiphenyl 4.141 

C I2H lO0 2 2,5-Dihydroxybiphenyl 4.30 
2,2' -Dihydroxybiphenyl 4.128 

C12HlOS Diphenyl sulfide 13.34 

C 12H lOS2 Diphenyl disulfide 13.84 

C 12H lOSe2 Diphenyldiselenide 13.83 

C12HlOTe2 Diphenylditelluride 13.85 

C 12H ll N Diphenylamine 9.16 

C 12H ll NO 1-Hydroxydiphe.nyla~ne 4.142 

C12HI1N203-

C 12H 12W 
C12H12N02-

Nalidixic acid, anion 16.46 

1,2-Dimethylnaphthalene 3.15 

1,3-Dimethylnaphthalene 3.76 
1,4-Dimethy lnaphthalene 3.77 
1 ,6-Dimethy Inaphthalene 3.78 
1,7-Dimethylnaphthalene 3.79 
1,8-Dimethy lnaphthalene 3.80 
2,3-Dimethy lnaphthalene 3.81 
2,6-Dimethy lnaphthalene 3.82 
2,7 -Dimethylnaphthalene 3.83 

N-Methyl-4-phenylpyridinium 6.55 

Indole-3-butyrate ion 6.22 

C 12H12N2 Benzidine 9.23 

CI2Hl2N203 Nalidixic acid 16.45 

3-(4-Methoxyphenyl)-2-cyc1opentene-l
thione 13.66 
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C12H13N02 

C12H14 

a-Benzylfurfuryl alcoholS. 72 
4-Hydroxymethy 1-2-(phenylmethyl)furan 

5.74 
[2,2](2,5)Furanophane 5.77 

1,I-Dimethyl-2-naphthalenethione 13.113 

m-Cyano-a,~,~-trimethylstyrene 3. 111 
p-Cyano-a,~,~-trimethylstyrene 3.112 

(£)-1-Methyl-3-(~-methoxylvinyl)indole 

2.247 
(Z)-I-Methyl-3-(~-methoxylvinyl)indole 

2.248 

3-Indolebutyric acid 6.23 

4,5,6,7-

C12H1SOS 

C12H1S0 2 

C12H1S0 3 

5-( 4-Methy lpheny l)thio-l-pentanol 13. 118 

Durohydroquinone monoethyl ether 4.126 

4-(1-Hydroxy-2,2-dimethyl)propyl-2-
methoxyphenol 4.127 

Hexamethoxybenzene 3.42 

(Cyclohexylidene)cyc1ohexane 2.109 
1,I-Bis(cyclobutyl)-2-methyl-l-propene 

2.332 

2-tert-Butylfuran 5.24 
2,5-Di-tert-butyIfuran 5.28 
2-(Cyclohexylidene)cyclohexanol 2.113 

7,7 -Dimethy 1-2-( trimethy Isiloxy )-norboma-

Tetrahydrospirocyclopropane [4, 7]methanoindene 
2.345 C12H20S 

2,5-diene 2.5 

1,3,3,7,7-Pentamethylbicyclo[2.2.1]heptane-
2-thione 13.45 

C12H14Cl3Mn06 
Bis( acety lacetonato )tri chI oroacetato

manganese(ll) 12. 12 

C12H14W N-Methyl-4-phenyl-2,3-dihydropyridinium 
6.53 

C12H14N202 Tryptophan, methyl ester 10.42 

(C12H1SN)n Perman ax 45 6.72 

C12H1SN N-Methyl-4-phenyl-I,2,3,6-tetrahydro-
pyridine 8.94 

C12H1SNO 5-Methoxy-l,2,3-trimethylindole 6.14 

C 12H16 Tetramethyl-o-xylylene2.104 
3,a,f3,~-Tetramethylstyrene 3.121 
4,a,f3,f3-Tetramethylstyrene 3.122 

C12H16CIMn06 

C12H16N20SS 

Bis( acety lacetonato )chloroacetatomanganese 
(ll) 12.6 

5-S-Cysteiny Idopa 4.71 

C 12H160 m-Methoxy-a..B.B-trimethyIstyrene 3.117 
p-Methoxy-a.,f3,f3-trimethylstyrene 3.118 

C12H160S 4'-Methoxypivalothiophenone 13.129 

C12H17Mn06 

2,3-Dihydro-5-hydroxy-2,4,6,7-
tetramethylbenzofuran 4.37 

2,3-Dimethyl-2-butenyl phenyl sulfide 
13.17 

Acetatobis( acety lacetonato )manganese(ID) 
12.1 

C12H17N04 Diethy12,4~dimethylpyrrole~3,5-
dicarboxylate 6.66 

C12H1;NS 1-[(Phenylmethyl)thio]piperidine13.125 

Hexamethylbicyclo[2.2.0]hexa-2,5-:-diene 
2.29 

(Dicyclopropylmethylidene)cyclopentane 
2.151 

2-(Cyclohexylidene)cyclohexanone 2.114 

C12H22011 

C12H2402 

C12H26 

C12H260 4S 

C12H27N 

(E,£)-8, 10-Dodecadienol 2.204 

(E,£)-1 ,4-Di( tert-butoxy )-1 ,3-butadiene 
2.36 

(E,Z)-1 A-Di( tert-butoxy )-1 ,3-butadiene 
2.37 

(Z,2)-1 ,4-Di(tert-butoxy)-1 ,3-butadiene 2.38 

Sucrose 16.75 

Dodecanoic acid 17.24 

Dodecane 17.23 

Dodecyl sulfate, sodium salt 17.25 

Tributylamine 8.13 

C12H2703P Tributyl phosphite 17.71 

1,I-Dimethyl-2,2-di(2,2-
dimethylpropyl)hydrazine 8.35 

1,2-Dimethy 1-1 ,2-di(2,2-
dimethylpropyl)hydrazine 8.36 

1 ,2-Dimethyl-1 ,2-dipentylhydrazine 8.39 

C 12H2SNiO 4P2S4 
Bis(O,O'-

diisopropy 1 phosphorodithi olato )nickel(II) 
12.52 

C13HSCINOSe 
7-Chloro-2-phenyl-l,2-benzisoselenazol-3-

one 13.36 

C 13HSCI2N2 Diazodi( 4-chlorophenyl)methane 11.17 

C13HsCI2S 4,4'-Dichlorothiobenzophenone 13.159 

C13HsFNOSe 
7 -Fluoro-2-phenyl-l ,2-benzisoselenazol-3-

one 13.37 

C13HSN2 9-Diazofluorene 11.63 

C13HsN20iSe 
7-Nitro-2-phenyl-l,2-benzisoselenazol-3-

one 13.39 

C13HgO Phenalen-l-one 3.97 

C13H9BrN2 Diazo(4-bromophenyl)phenylmethane 
11.15 

.1 Phv~ r.h~m. R~f. nAtA. VnL 24. No.2. 1995 
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4-Chlorothiobenzophenone 13.158 

C13H9NOS 2-Phenyl-1,2-benzisothiazol-3-one 13.41 

C13H9NOSe Ebselen 13.40 

C13H lONO- Benzophenone oximate anion 15.13 

C13HlON2 Diazodiphenylmethane 11.16 

C 13H lOO Benzophenone 3.58 

C13HUNO Diphenyl nitrone 15.10 
Benzophenone oxime 15.14 

C13H llN02 2-Hydroxyphenyl phenyl nitrone 15.7 

C 13Hll NS 10-Methylphenothiazine 13.123 

C13H IIN 3 

CtjHllNjO 

C13HllO

C 13H 12U 

C 13H 120S 

C13H 120 3 

C13H12S 

C 13H12Se 

C13H14N202 

C13H14N203 

C13H140 2 

C13H 14S 

C13H lSN 

C13HlSN02 

3,6-Diaminoacridine 11.1 

2 ~1ethy16 phenylimiduzo[1,2-a]pyrnzin-3-
one 16.41 

2-Benzylphenoxide ion 4.152 

2-Methoxybiphenyl 3.59 
2-Benzylphenol 4.98 

1-Methoxy-4-(pheny lthio )benzene 13.23 

2-[(4-Ethoxycarbonyl)phenyl]furan 5.40 

1-Methyl-4-(phenylthio )benzene 13.26 
Benzyl phenyl sulfide 13.33 

Benzyl phenyl selenide 13.32 

9-Methyl-6-nitro-2,3,4,9-
tetrahydrocarbazole 6.3 

N-Acetyltryptophan 10.37 

a-Phenethylfurfuryl alcoholS. 71 

1,1,3-Trimethyl-2-naphthalenethione 
13.114 

9-Methy 1-2,3 ,4,9-tetrahydrocarbazole 6.2 

7-(Diethylamino)coumarin 5.6 

C13HlSN302 N-Acetyl-L-tryptophanamide 10.44 

C13HlSN303 Tryptophylglycine 10.21 
Glycyltryptophan 10.41 

C13H16 a-Cyclopropyl-~,~-trimethylstyrene 3.113 

C13H16FN203 

C13H 16N2 

C13H16N20 

2-(4-Fluoro-3-nitrophenyl)-2,5,5-
trimethylpyrrolidin-l-oxyl 15.55 

Dehydrostobadine 6.58 

S' -Oxo-3'-ethyl-S,4'-dimethyl-1',S'-dihydro
(2,2')-dipyrromethene 7.107 

S' -Oxo-4-ethyl-3,S-dimethyl-1',S' -dihydro
(2.2')-dipyrromethene 7.108 

L-Tryptophan, ethyl ester 10.40 

1,2,3,4-Tetrahydro-5,8-dimethoxy-1 ,4-
methanonaphthalene 3.73 

3 ,S-Diethoxycarbonyl-2,6-dimethy Ipyridine 
6.52 

N-Acetyl-L-tyrosine, ethyl ester 4.188 

Stobadine 6.56 

C 13H1SOS 2,3-Dimethyl-2-butenyI4-methoxyphenyl 
sulfide 13. 18 

C13H1S0 2 Acetoxymethylideneadamantane 2.2 
2,3-Dihydro-S-hydroxy-2,2,4,6,7-

pentamethylbenzofuran 4.36 
Adamantylidenemethyl acetate 2.256 

C 13H1SS 2,3-Dimethyl-2-butenyI4-methylphenyl 
sulfide 13. 19 

C 13H 19N p-(N ,N-Dimethy lamina )-a,~,~-
trimethylstyrene 3.115 

C J 3H 19N02 3,S-Diacetyl-1,4-dihydro-2,6-
dimethylpyridine 6.42 

C 13H19N04 3,5-Diethoxycarbonyl-l,4-dihydro-2,6-
dimethylpyridine 6.47 

C 13H19NS2 N-[[(5-Methyl-2-(methylthio)-3-
thienyl]methy lene ]cyc1ohexanamine 
13.64 

3-[(Cyc1ohexylamino)methylene]-5-ethyl-2-
thiophenethione 13.170 

C13H20 2-Isopropylideneadamantane 2.353 

C13H20CoN 505 
Hydroxybis( dimethylglyoximato )pyridinecoha If! : 

12.146 

~-Ionone 2.61 

6-(4-Methylphenyl)thio-l-hexanol 13.103 

C13H22N03 2,2,6,6-Tetramethyl-4-piperidinol-1-oxyl cra
ton ate 15.36 

2,2,6,6-Tetramethy l-4-piperidinol-l-oxy 1 
methacrylate 15.40 

C13H24 (£)-2,6,9-Trimethyl-l ,6-decadiene 2.171 
(2)-2,6,9-Trimethyl-l ,6-decadiene 2. 172 
(£)-2,6-Dimethyl-l,6-undecadiene 2.359 
(Z)-2,6-Dimethyl-l ,6-undecadiene 2.360 

C13H24N03 2,2,6,6-Tetramethyl-4-piperidinol-l-oxyl 
butyrate 15.35 

C 13H2SN02 N-(2-Acetoxyethyl)-2,2,6,6-
tetramethylpiperidine B.S!J 

C13H27NO l-Butoxy-2,2,6,6-tetramethylpiperidine 
8.55 

C14HsBr2Ni04·2H20 
Bis(S-bromo-2-

hydroxybenzaldehydato )nickel(n) dihy
drate 12.14 

C 14HgC12 9, 1 O-Dichloroanthracene 3.7 

C 14Hg0 2 Naphtho[1,8-bc:S,4-b',c']dipyran 3.94 

C14Hg06S22-

C14H9BrN204 

1,S-Anthracenedisulfonate ion 3.17 

I,S-Diaminobromo-4,8-
dihydroxyanthraquinone 11.12 

C14H9Cl l:-Chloroanthracene 3.4 
9-Chloroanthracene 3.5 
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I 1.1 H9N02 l-Aminoanthraquinone 11.3 
2-Aminoanthraquinone 11.4 

I 1.1 H9N03 l-Amino-4-hydroxyanthraquinone 11~5 

I . 1.1 H90 3 - 1,8-Dihydroxy-9-anthrone, conjugate base 
4.3 

I l.jH90 3S- l-Anthracenesulfonate ion 3.18 
2-Anthracenesulfonate ion 3.19 

I, ,!HlO Anthracene 3.3 

I '1,\HlON20 2 l,4-Diaminoanthraquinone 11.8 
1,S-Diaminoanthraquinone 11.9 
1,8-Diaminoanthraquinone 11.10 

2,6-Diaminoanthraquinone 11.11 
3,4-Diphenylsydnone 5.102 

I ·14HlONi04.2H20 
B is(2-h ydroxy benzaldehydato )nickel (II) 

dihydrate 12.88 

, '14HlO03 1,8-Dihydroxy-9-anthrone 4.2 

( '14Hl1N02Se 

( '14H12 

( '14H12C14 

7 -Methoxy-2-phenyl-l ,2-benzisoselenazol-
3-one 13.38 

(Z)-Stilbene 3.99 

5,6,7,8-Tetrachloro-l ,2,3,4-tetrahydro-9-
isuprupyliuem::-l,4-melhanunaphthalene 
2.258 

l'14H12CoS4 Bis[4-methyl-l,2-
benzenedithiolato ]cobalt(IJ) tetrabutylam
monium salt 12.99 

5,6,7,8-Tetrafluoro-l,2,3,4-tetrahydro-9-
isopropy lidene-l ,4-methanonaphthalene 
2.259 

C J4H12N2Ni02 
Dis [2-(iminomcthy l)phcnolato ]nicke1(II) 

12.96 

C14H12N2Ni04 
Dis,(2-hydroxybcnzaldchydc 

oximato)nickel(II) 12.89 

C14H12N2NiS4 
Bis(phenyldithiocarbamato)nickel(II) 

12.107 

C14H12N20 Diazo(4-methoxyphenyl)phenylmethane 
11.20 

C14H]2N206S22-
4,4' -Diaminostilbene-2,2' -disulfonate ion 

3.107 

C14H12N402 1,4,5,8-Tetraaminoanthraquinone 11.14 

C14H12NiS4 Bis[4-methyl-l,2-

C14H120 

C14H120S 

C14H12S 

benzenedithiolato ]nickel(II) tetrabuty lam
monium salt 12.100 

(E)-2,3-Diphenyloxirane 17.49 

4-Methoxythiobenzophenone 13.162 

(E)-2,3-Diphenylthiirane 13.151 

C14H 13NO 4-MethyJphenyl phenyl nitrone 15.8 
Pheny14-methylphenyl nitrone 15.9 
a-Phenyl-N-benzylnitrone 15.12 
Benzophenone oxime O-methyl ether 15. 15 

C14H13NOS 2-(Methylthio)-N-phenylbenzamide 13.3 

C14H13NOSe 
2-(Methylseleno )-N-phenylbenzamide 13.2 

C14H13N302 2-Methyl-6-(4-methoxyphenyl)imidazo[1,2-
a]pyrazin-3-one 16.40 

C14H14 l-(~,~-Dimethylvinyl)naphthalene 3.87 

C14H14N3 + 

C14H140 3 

3,6-Diamino-IO-methylacridinium 11.2 

4-Acetoxymethyl-2-(phenylmethyl)furan 
5.75 

C14H14S Dibenzyl sulfide 13.71 

C 14H 15NO N,N-Dibenzylhydroxylamine 15.11 

C14H1502-

C14H1504 

4-Methy I-l-naphthalenepropionate ion 3.91 

4-Methyl-l-naphthalenepropionate ion endo
peroxide 3.92 

C 14H 16 1,2,3,4-Tetrahydro-9-isopropy lidene-l,4-
methanonaphthalene 2.260 

C14H16N203 N-Acetyltryptophan methyl ester 10.38 

Cl4H1602 

C14H1603 

C14H17N02 

C14H17N303 

u-(3-Phenylpropyl)furfuryl alcohol 5.73 

5-Ethoxycarbonyl-3,4-dihydro-6-
pheny Ipyran 5. 100 

4-Methyl-l-naphthalenepropionic acid endo
peroxide 3.93 

7 -(Diethy lamino )-4-methylcoumarin 5.7 

L-Alanyl-L-tryptophan 10.39 

C I4H170 4 - 6-Hydroxy-2,5,7,8-tetramethy1chroman-2-
carboxylate ion 4_44 

C14HlSN20 5'-Oxo-3',4'-diethyl-5-methyl-l ',5'-dihydro
(2.2')-dipyrromethene 7.101 

5'-Oxo-3' -ethyl-4',35-trimp.thyl-l ',5'
dihydro-(2.2 ')-dipyrromethene 7. 103 

5' -Oxo-4',4,S-trimethyl-3'-ethyl-l',5'
dihydro-(2.2')-dipyrromethene 7.104 

CBZ-L-Methionine methyl ester 13.110 

C14H19N30S Glycyl-L-tyrosyI-L-alanine 4.1 

C14H20N2 Caged hydrazine 8.22 

C14H21BrO 

C 14H21CIO 

C14H21N04 

6-Hydroxy-2,2,S,7,8-pentamethylchroman 
4.4$ 

l-Adamantylideneethyl acetate 2.220 

4-Bromo-2,6-di-tert-butylphenol 4.105 

2,6-Di-tert-butyl-4-chlorophenol 4.110 

3,5-Diethoxycarbonyl-l,4-dihydro-2,4,6-
trimethylpyridine 6.51 

2-Isobutylideneadamantane 2.355 

2,6-Di-tert-butylphenol 4.99 
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C 14H220S 3-Hydroxy-3,4-dimethylpentyl p-
methylpheny 1 sulfide 13. 119 

C14H2202 3,5-Di-tert-butylcatechol 4.7 
2,5-Di-tert-butylhydroquinone 4.14 

C 14H26 4,8-Dimethyl-4,8-dodecadiene 2.201 
(E,£)-4,8-Dimethy 1-4,8-dodecadiene 2.202 

C14H26N03 2,2,6,6-Tetramethyl-4-piperidinol-l-oxyl pen
tanoate 15.41 

2-( Cyclododecy lidene )ethanol 2.215 

Monohydroperoxides of 4,8-dimethyl-4,8-
dodecadiene 2.203 

C14H2SCoN2S4 
Bis( diisopropy Idithiocarbamato )cobalt(II) 

12.46 

C14H2SCuN2S4 
Bis(diisopropyldithiocarbamato)copper(II) 

12.47 

C14H28FeN2S4 + 
Bis(diisopropy ldi thiocarbamato )iron(III) 

12.48 

C14H2SMnN2S4 
Bis( diisopropyldithiocarbamato )manganese(II) 

12.49 

C14H2SN2NiS4 
Bis( diisopropyldithiocarbamato )nickel(II) 

12.50 

C14H2SN2S4Zn 
Bis( diisopropy Idithiocarbamato )zinc(II) 

12.51 

Tetradecanoic acid 17.67 

C15H120 6 

C1sH 120 7 

C15H12S3 

C 15H13N 

C 15H14 

C15H14N2 

ClsH1402S 

ClsH1406 

C 15H14S 

C15HlSN02 

ClsHlSN302 

Dihydroluteolin 4.59 

Dihydroquercetin 4.63 

4,5-Diphenyl-l,3-dithiane-2-thione 13.89 

3-Methyl-2-phenylindole 6.17 

(E)-a-Methylstilbene 3.104 
(Z)-a-Methylstilbene 3.105 

Diazodi(4-methylphenyl)methane 11.18 

13.160 4,4' -Dimethoxythiobenzophenone 

Catechin 4.67 

4,4'-Dimethylthiobenzophenone 13.161 

Coumarin LD-490 8.3 

1.2.5.6.6a.6b.6c.6d-Octahydro':'1.6[1'.2'l-4-
methyl-3,5-dioxo-l,2,4-
triazolobenzo[l ,3]cyclopropa[1 ,2,3-
cd] cyclopropa [g h ]pentalene 17.69 

1-Isopropy lamino-4-pheny laminobenzene 
9.30 

C15HlSN404 L-Tryptophy1e1ycylglycine 10.22 

ClsHlSN40S Mitomycin C 16.7 

C15H19N30 4-Benzyloxy-5,6-dimethyl-2-
(dimethylamino)pyrimidine 16.65 

C15H20N20 N-Acetylstobadine 6.57 

ClSH21C006 Tris(acetylacetonato)cobalt(III) 12.173 

ClsH21Cr06 Tris(acetylacetonato)chromate(ID) 12.172 

ClsH21Fe06 Tris(acetylacetonato)iron(ID) 12.174 

ClsH21Mn06 
Tris(acetylacetonato)manganese(llI) 12.175 

7-(1,1-Dimethylethyl)-3,4-dihydro-2,2-
dimethy 1-I-benzopyran-6-o1 4.54 C14H31 CoN sOs 

Hydroxybis(dimethylglyoximato)triethylamine-
cobalt(lI) 12.147 ClsH23N04 1,4-Dihydro-2,6-dimethyl-3,5-di(1-

methylethoxycarbonyl)pyridine 6.49 
C1SH90 2-

C15H lO0 3 

Cl~H1004 

C1sHlOOS 

9-Anthrualt; ion 3.21 

3-Hydroxyflavone 4.74 

5,7 -Dihydroxyflavone 4.73 

Galangin 4.65 

C 1SH lO0 6 Luteolin 4.60 
Kaempferol 4.64 
Fisetin 4.75 

C1sH lO0 7 Quercetin 4.61 

C1sHllNO 2,5-Diphenyloxazole 6.31 

C 1sH llN02 l-Amino-2-methylanthraquinone 11.6 

C 15H12 9-Methylanthracene 3.13 

C15H12N202 3-(4-Methylphenyl)-4-phenylsydnone 
5.106 

el5H 12N203 1,4-Diamino-2-methoxyanthraquinone 
11.13 

9-Methoxyanthracene 3.12 

4',5,7-Trihydroxyflavanone 4.72 

(C15H25N04)n 

Caryophyllene 2.34 

2,6-Di-tert-butyl-4-methylphenol 4.102 

3,S-Di-tert-butyl-4-hydroxyhenzyl alcohol 
4.32 

2,4-Di-tert-butyl-5-methoxyphenol 4.100 
2,6-Di-tert-butyl-4-methoxyphenol 4.101 

Tinuvin 622 8.67 

C 1SH26 2,6, 10-Trimethyl-2,6, 1 O-dodecatriene 2.210 

Hydroperoxy-2,6,10-trimethyl-2,6,10-
dodecatriene 2.209 

Dihydroperoxy-2,6, 10-trimethyl-2,6, 10-
dodecatriene 2.208 

C 15H34CIN Dodecyltrimethylammonium chloride 17.26 

C16HlOBr20 2,5-Bis(4-bromophenyl)furan 5.16 

C 16H lOC120 . 2,5-Bis(4-chlorophenyl)furan 5.17 

C16HlON202 Indigo 11.69 
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C16HI1BrN20 
1-( 4-Bromophenylazo )-2-naphthol 11.94 

C16HI1CIN20 
4-( 4-Chlorophenylazo )-1-naphthol 11.87 
1-( 4-Chlorophenylazo )-2-naphthol 11.95 

1-(4-Fluorophenylazo)-2-naphthol 11.97 

C16HllIN20 1-(4-Iodophenylazo)-2-naphthol 11.99 

C16HllN303 4-(4-Nitrophenylazo)-I-naphthol 11.91 
1-(4-NitrophenyJazo)-2-naphthol 11.103 

4-Methyl-2-(3-chlorophenyl)-5-
phenyloxazole 6.33 

4-Methyl-2-(4-chlorophenyl)-5-
phenyloxazole 6.34 

2,3-Di(3-chlorophenyl)-1.4-dioxene 2.186 
2,3-Di( 4-chlorophenyl)-1 ,4-dioxene 2.187 

C16H12N2Na2NiOgS2 
[N,N1 -Fthylenehis(:)-

sulfosalicy lideneiminato) )nickelateCll) 
disodium salt 12.143 

C16H12N20 4-Phenylazo-l-naphthol 11.92 
I-Phenylazo-2-naphthol 11.104 

C16H12N202 1-(4-Hydroxypbenylazo)-2-naphthol 11.98 

C16H12N203 4-Mcthyl-2-(4-nitrophcnyl)-5-
phenyloxazole 6.37 

C16H120 2,3-Diphenylfuran 5.37 
2,5-Diphenylfuran 5.38 
3,4-Diphenylfuran 5.39· 

CI6H13NO 2,5-Diphenyl-4-methyloxazole 6.32 

C16H13N30 1-(p-Aminophenylazo)-2-naphthol 11.93 

C16H 14 1 ,4-Diphenyl-l ,3-butadiene 2.40 
9,lO-Dimethylanthracene 3.10 
I-Methyl-2-phenylindene 3.71 

C16H14CoN202 
2,2' -[1 ,2-Ethanediy lbis(nitrilomethy lidyne) 1· 

bis [phenolato ]cobalt(ll) 12. 139 

C16H14N2Na2NiOgS2 
[N,N' -Propylenebis{5-

sulfosalicyUdeneiminato ))nickelale(II) 
disodium salt 12. 169 

C16H14N2Ni02 
2,2'-[ 1 ,2-Ethanediylbis(niuilomelhylidyne)]-

bis[phenolato]nickelCll) 12.140 

C16H 14N202 1 ,4-BisCmethy lamino )anthraquinone 11.7 

C16H 14Ni06·2H20 
Bis(2-hydroxy-5-

methoxybenzaldehydato )nickel(I1) dihy
dntlt: 12.92 

9, I 0-Dimethoxyanthracene 3.8 
2,3-Diphenyl-l,4-dioxene 2.194 

2,3-Di( 4-hydroxyphenyl)-1 ,4-dioxene 
2.189 

C]6H140/- l,4-Naphthalenedipropionate ion 3.88 

C16H15N302 l-CPhenylazo)-1-(phenylaminocarbonyl)-2-
propanone 11.62 

C16H16 1,1-Diphenyl-2-methylpropene 3.46 
trans-a, a' -Dimethyl stilbene 3.102 
cis-a.,a.' -Dimethylstilbene 3.103 

C16H16CIN30 
2-(2' -Hydroxy-3'-chloro-5 1-tert

butylphenyl)benzotriazole 4.97 

C16H16N2Ni04 
Bis(2' -hydroxy acetophenone 

oximato )nickel(II) 12.87 

C16H16N2NiS4 
Bis(4-

me thy Iphenyldithiocarbamato )nickel(II) 
12.103 

4,4' -Dimethoxystilbene 3.100 
a,(3-Dimethoxystilbene 3. 101 

C16H17N02 2,3,6,7-Tetrahydro-9-
methy 1 [1 ]benzopyran[ 6, 7 ,8-ij]quinolizin-
11-one 8.4 

C16H17NS04 4-(Diethylamino)-2',4'-dinitroazobenzene 
11.52 

C16IIlSCuN2S4 
[[3,3]-[1,2-

Ethanediylbis(nitrilomethylidyne)]bis[5-
ethy 1-2-thiophenethionato ]]copper(II) 
12.138 

C16HlSN3S+ Methylene Blue cation 11.113 

C16H18N402 4-(Diethylamino)-3'-nitroazobenzene 11.54 
4-CDiethylamino)-4' -nitroazobenzene 11.55 

C16H18Ni03S 
Aqua[2,2' -thiobis(3,4-

dimethy Iphenolato) ]nickel(II) 12.4 

C16H19N3 4-(Diethylamino)azobenzene 11.56 

C16H20N20 5' -Oxo-4' -vinyl-4-ethyl-3',3,5~trimethyl
l',5'-dihydro-(2.2')-dipyrromethene 
7.105 

5' -Oxo-if-ethyl-3'-ethenyl-3,5,4'-trimethyl 
1',5' -dihydro-(2.2')-dipyrromethene 
7.106 

C 16H20N2S4 (Z,Z)-3,3' -[1,2-
Ethanediylbis(iminomethylidyne) ]bis[5-

. ethyl-2-thiophenethione 13.171 

C 16H2002 5,8-Dimethoxy-l,2,3,4-tetrahydro-9-
isopropylidene-1,4-methanonaphthalene 
2.257 

C 16H22N03 2,2,6,6-Tetramethyl-4-piperidinol-l-oxyl ben
zoate 15.34 

C16H2204 3-(6-Hydroxy-2,5,7,8-tetramethylchroman-
2-yl)propionic acid 4.66 
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C16H2402 

C16H2403 

C17H12N2PtS2 

4-Acetyl-2,6-di-tert-butylphenol 4.94 

Methyl 3,5-di-tert-butyl-4-hydroxybenzoate 
4.39 

2,6-Di-tert-butyl-4-methylanisole 3.29 

1,3-Dimethoxy-4,6-di-tert-butylbenzene 
3.28 

2,5-Di-tert-amylhydroquinone 4.16 

Hexadecanoic acid 17.37 

Benzanthrone 3.25 

[4-Methyl-l ,2-benzenedithiolato]( 1,10-
phenanthroline )platinum(II) 12. 155 

C 17H120S 2,6-Diphenylpyran-4-thione 13.140 

C17H12S2 

C17H13CI2 

2,6-Diphenylthiopyran-4-thione 13.173 

1 ,4-Bis(4-chlorophenyl)-1 ,3-
cyc10pentadiene 2.141 

1,4-Bis( 4-fluorophenyl)-l ,3-
cyclopentadiene 2.142 

C 17II13N 30 3 1-(4-Mcthyl-2-nitrophcnylazo)-2-naphthol 

11.101 

1-( 4-Chlorophenyl)-4-phenyl-l ,3-
cyclopentadiene 2.146 

C17H14N2NiS2 
[4-Methyl-l ,2-benzenedithiolato ](2,2'

bipyridinc)nickcl(II) 12.153 

C17H14N20 I-Methoxy-4-(phenylazo)naphthalene 
11.59 

1 ,4-Naphthoquinone N-methyl-N
phenylhydrazone 11.83 

4-(4-Methylphenylazo)-I-naphthol 11.90 
1-(4-Methylphenylazo)-2-naphthol 11.102 

C17H14N202 4-(4-Methoxyphenylazo)-1-naphthoI 11.89 
1-(4-Methoxyphenylazo)-2-naphthol 11.100 

C17H 140 2 

C17H15 

C 17H 15NO 

a,a-Diphenylfurfuryl alcohol 5.67 

1 ,4-Diphenyl-1 ,3-cyc1opentadiene 2.147 

4-Methyl-2-(4-methylphenyl)-5-
phenyloxazole 6.36 

4-Methyl-2-(4-methoxyphenyl)-5-
phenyloxazole 6.35 

(Z)-l-(Pheny lsulfony 1)-3-(~
methoxylvinyl)indole 2.249 

C17H15N302 4-(4'-Methoxypheny1)imino-3-methyl-l
phenyl-2-pyrazolin-5-one 11.148 

C 17HlSNs 1 ,~-Dlmethylpyrazolo[1'.2':2.3][1.2.3]-
triazolo[4,5-a]phenazin-4-ium 6,39 

C 17H16N40 4-(4'-Aminophenyl)imino-3-methyl-l
phenyI-2-pyrazolin-5-one 11.133 

C17H160 3 2-(4-Methoxyphenyl)-3-phenyl-I,4-dioxene 
2.195 

C 17H 17N30 2 1-(4-Methylphenylazo)-1-
(phenylaminocarbonyl).-2-propanone 
11.60 

C17H19CIN2S 

4-[N-(2-Cyanoethyl)-N-
ethyl amino] azobenzene 11.51 

4-MethyI- I ,3-naphthalenedipropionic acid 
3.89 

Chlorpromazine 13.122 

C 17H 19CIO 2-(3-
Chlorophenoxymethy lidene )adamantane 
2.350 

2-(4-
Chlorophenoxymethy Iidene )adamantane 
2.351 

C17H20N406 Riboflavine 16.72 

C17H21 N30 4-(Diethylamino)-4' -methoxyazobenzene 
11.53 

C17H21N302 4-[N-Ethyl-N-(2-hydroxyethyI)amino]-4'
methoxyazobenzene 11.58 

C17H22N02 4-Hydroxy-4-(2-phenylethynyl)-2,2,6,6-
tetramethylpiperidine N-oxyl 15.32 

C17H23N02 3,4,6,7,9, 1 0-Hexahydro-3,3,6,6-tetramethyl-
1,8-acridinedione 6.1 

C 17H23N03 Atropine 8.1 

C 17H24N20 5' -Oxo-3',4',4-triethyl-3,5-dimethyl-l ',5'
dihydro-(2.2')-dipyrromethene 7.102 

C17H24N4Ni02 
l~l' -(7 ,13-Dimethyl-l,4,8,12-

tetraazacyclopentadeca-4,7,12,15-
tetraene-6,14-
diyl)bis[cthanoato]nickcl(ll) 12.133 

C 17H25N03 Eucatropine 8.76 

C17H260 3 3,5-Di-tert-butyl-4-hydroxyphenyl pro-
pionate 4. 15 

C 1sH ll N02 Quinophthalone 11.68 

Benz[a]anthracene 3.23 
Tetracene 3. 124 

2-PhenylcycIopenta[b][1]benzopyran 5.8 

ClSH14N306S-

C 1SH 1SN 

C18H15P 

C 1sH16 

5-Methoxy-4-[2-(methylsulfonyl)-4-
nitrophenyl]azo-l-naphthoxide ion 
11.88 

1-( 4-Chlorophenyl)-4-( 4-methoxyphenyl)-
1,3-cyc1opentadiene 2.145 

Triphenylarninc 9.8 

Triphenylphosphine 17. 75 

1,2,5,6,6a,6b,6c,6d-Octahydro-l,6-o-
benzenobenzo[1,3]cycIopropa[1,2,3-
cd]cyc1opropa[gh]pentalene 2.181 

N,N' -DiphenyI-p-phenylenediamine 9.29 
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I ',xHI6N20gS22-
4,4'-Diacetamidostilbene-2,2'-disulfonate 

ion 3.106 

2,5-Bis(4-methylphenyl)furan 5.20 
1-( 4-Methoxyphenyl)-4-phenyl-1 ,3-

cyclopentadiene 2.148 

a-Benzhydrylfurfuryl alcohol 5.68 
5-Benzoyl-3,4-dihydro-6-phenylpyran 5.89 

l "XH160 3 2,5-Bis(4-methoxyphenyl)furan 5.19 

l ',xH160 6sl-
9,lO-Anthracenediethanesulfonate ion 3.15 

l ',sH17NO J3-Phenyl-a-pyrrolidinylbenzeneethanol 8.2 

l 'U~H17N30 1-[4-(Dimethylamino)phenylazo]-2-
naphthol 11.96 

( 'ISH18N2Ni02 
2,2' -[ 1 ,2-Ethanedi y 1 bis( ni tril oethy lidyne )]

bis[phenolato] nickel (II) 12.137 

(' IsH18N307 2,5-Di-(4-hydroxy-3-nitrophenyl)-2,5-
dimethylpyrrolidin-l-oxyl 15.54 

(:18H18N40 4-(4'-Dimethylaminophenyl)imino-3-
methyl-I-phenyl-2-pyrazolin-5-one 
11.150 

1,4-Di( 4,4' -dimethox ypheny 1)-1 ,3-butadiene 
2.35 

2,3-Di(4-methylphenyl)-1,4-dioxene 2.193 

2,3-Di(3-methoxyphenyl)-1,4-dioxene 
2.190 

2,3-Di(4-methoxyphenyl)-1,4-dioxene 2.191 

CIsH19N02 2-(4-Dimethylaminophenyl)-3-phenyl-l,4-
dioxene 2.192 

ClsH20B2N12Ni 
Bis[hydrotris( I-pyrazolyl)borato ]nickel(II) 

12.86 

ClsH20N2Ni04 
Bis[2' -hydroxy-4'-methylacetophenone 

oximato]nickel(II) 12.93 

ClsH20N40 4-[N-(2-Cyanoethyl)-N-ethylamino]-4'
rnethoxyazobenzene 11.50 

ClSH2002 3-Hydroxy-l,3,5(10),9(l1)-estratetraen-17-
one 16.31 

6,11-Dimethy14,6,8,IO,12-
hexadecapentaene-2,3,14, 15-tetraone 
(all-£) 2.234 

l-Cyclohexylamino-4-phenylaminobenzene 
9.28 

ClsH22N4Ni Ris[N-methyl-7-(rnp.thylimino)-1,3,5-
cycloheptatrien-l-aminato ]nickel(II) 
12.102 

ClsH22Ni06S2 
Bis(2,4,6-

trimethy Ibenzenesulfonato )nickel(II) 
12.118 

2-(4-
Methylphenoxymethylidene)adamantane 
2.354 

2-(4-

C18H23NNi02S 

Methoxyphenoxymethylidene )adamantane 
2.352 

Ethylamine[2,2' -thiobis(3,4-
dimethylphenolato)]nickel(ll) 12.141 

exo,exo-2,3-Dioxymethyl-7-
adamantylidenenorbornane 2.10 

1,2,3,8,9,10-Hexahydro-3,3,5,6,8,8-
hexamethyl benzo[ 1 ,2-b:4,3-b']dipyran 
5.2 

2,3,4,7,8,9-Hexahydro-2,2,5,7,7,lO
hexamethy Ibenzo[ 1 ,2-b:4,5-b']dipyran 
5.3 

C18H2SN2S3 3,4-
Bis[(cyclohexylamino)methylene)dihydro-
2,5-thiophenedithione 13.169 

C18H300 2,4,6-Tri-tert-butylphenol 4.147 

Linolenic acid 2.267 
4-tert-Butoxy-2.6-di-tert-hutyIphenol 4. 119 

Linoleic acid 2.264 

ClSH3303P Tricyclohexyl phosphite 17.72 

C18H3402 Oleic acid 2.271 

C18H36CoN2S4 
B is( di buty ldithi ocarbamato )cobalt(II) 

12.26 

C18H36CuN2S4 
Bis(dibutyldithiocarbamato)copper(II) 

12.27 

ClsH36N2NiS4 
Bis( dibutyldithiocarbamato )nickel(II) 

12.28 

C18H36N2S4Zn 
Bis(dibutyldithiocarbamato )zinc(ll) 12.29 

C18H3602 Stearic acid 17.66 

C 19H 13NO Phenyl fluorenyl nitrone 15.6 

C 19H1302S- 9-(Phenylsulfonyl)fluoren-9-yl anion 13.98 

C19H 14N2NiS2 
[4-Methyl~ 1 ,2-benzenedithiolato])(1,1 0-

phenanthroline)nickel(II) 12.154 

C19H14S 4-Phenylthiobenzophenone 13.163 

C19H 15NO Triphenyl nitrone 15.5 

C19H 16N202 2-( 4-EthoxycarbonylphenyI)-1 ,8-
dihydropyrro!o[3',2' :3,4 ]cyclopenta[ 1,2-
b ]pyridine 6.70 

Cl9HlSN202 lA-Dioxene,2-(4-cyanophenyl)-3-(4-
dimethylaminophenyl)- 2.184 

C19H19 1,4-Bis(4-methylphenyl)-1,3-
cyclopentadiene 2. 144 
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C19H1902 1,4-Bis(4-methoxyphenyl)-1,3-
cyc10pentadiene 2.143 

C19H21N04 Boldine 8.20 

Bis(2,4,6-trimethy lpheny I )diazomethane 
11.19 

C19H22N203 Dregamine 8.101 

C 19H2202 3-Methoxyestra-l ,3,5( 1 0),8-tetraen-17 -one 
16.28 

3-Methoxy-I,3 ,5( 1 0),9( 11 )-estratetraen-I7-
one 16.32 

C19H2203 endo-7-Adamantylidenenorbornane-2,3-
dicarboxylic acid anhydride 2.15 

exo-7 -Adamanty lidenenorbornane-2,3-
dicarboxylic acid anhydride 2.16 

C19H2204 DimethyI4-methyl-1,3-
naphthalenedipropionate 3.90 

C19H24N02 4-Hydroxy-4-(2-naphthy 1)-2,2,6,6-
tetramethylpiperidine-l-oxyl 15.31 

C19~002 Methyl arachidonate 2.213 

C19H3202 Methyllinolenate 2.269 

C19H3402 Methyllinoleate 2.265 

C19H3602 Methyl oleate 2.272 

C19H3802 Methyl stearate 16.43 

C20H2C14140S2-
Rose Bengal dianion 11.66 

C20H6Br4052-
Eosin dianion 11.65 

C20HgBrzHgNa206 
Mercurochrome 11.64 

CzoH12N2Na2NiOgS2 
[N,N' -0-Phenylenebis(5-

sulfosalicy lideneinlinato) ]nickelate(II) 
disodium salt 12.167 

C2oH12N4Zn Porphinatozinc(II) 7.71 

C20H14 9-Phenylanthracene 3.14 

C20H14N2Ni02 
2,2' -[1,2-Pheny lenebis(nitrilomethy lidyne )]-

bis[phenolato]nickel(II) 12.166 

1,3-Diphenylisobenzofuran 5.83 

9,10-Dimethylbenz[aJanthracene 3.24 

C:LUH16042- 9,lO-Anthrllcenedipropionate ion 3.16 

C20H17NOS N-Phenyl-2-(phenylmethyl)thiobenzamide 
13.5 

C 20H17NOSe 
N-Phenyl-2-

(pheny Imethy 1 )selenobenzanlide 13.4 

C20H20N 204 2,3-Vi (4-acetaminopheny 1 )-1 ,4-dioxene 
2.185 

1,2,5,6,6a,6b,6c,6d-Octahydro-9,12-
dimethoxy-1,6-0-
benzenobenzo[ 1 ,3]cyclopropa[ 1,2,3-
cd]cyc1opropa[gh]pentalene 2.180 

Tangeretin 4.62 

C20H22N40 4-(4' -Amino-2',3',5',6'-
tetramethy Iphenyl)imino-3-methyl-l
phenyl-2-pyrazolin-5-one 11.134 

4-(4' -Diethylaminophenyl)imino-3-methyl
I-phenyl-2-pyrazolin-5-one 11.147 

4-(4' -Dimethylanlino-3',5'-
dimethy lpheny 1)inlino-3-methyl-l
phenyl-2-pyrazolin-5-one 11.149 

C20H22N402 2,4-Dihydro-4-[4-[(2-
hydroxyethyl)ethylamino]phenyI]imino-
5-methyl-2-phenylpyrazol-3-one 11.130 

C20H2203 3-Acety loxy-l ,3 ,5( 1 0),9( 11 )-estratetraen-17-

C20H24CIN 30 

one 16.29 

2-(3 ',5'-Di-tert-butyl-2'-hydroxyphenyl)-5-
chlorobenzotriazole 4.109 

C20H24N2Ni02 
Bis[2-[(1-methylethylinlino )methyl]-

phenolato]nickel(ll) 12.101 

C20H24N202 1,4-Dioxene,2,3-di(4-
dimethylaminophenyl)- 2.188 

C20H2404 

C20H26NO 

C20H26N20 

Crocetin 2.93 

Bis( 4-tert-buty Ipheny l)nitroxide 15.26 

N ~-Diethyl-3,5-dimethyl-4-(4'-oxo-2',6'-
dimethy lcyc10hexadieny liden)aminoanilinc 
11.49 

C20H260 4-Phenyl-2,6-di-tert-butylphenol 4.103 

C20H27NNi02S 

C20H28O2 

C20H 300 

C20H3002 

Butylanline[2,2'-thiobis(3A
dimethylphenolato)Jnickel(II) 12.120 

Adamantylideneadamantane 2.356 
cxo, cxo- 2,3-(2 1-0xatrimethy lene)-7-

adamalltylidenenorbomane 2.12 
ll-(Z)-Retinal 2.339 
13-(Z)-Retinal 2.340 
(all-E)-Retinal 2.341 

(all-E)-Retinoic acid 2.342 

(all-E)-Retinol 2.343 

17 -Hydroxy -4-methy 1-4-androsten-J'-one 
16.4 

Abietic acid 2.325 

Arachidonic acid 2.212 

2,6,10,14-Tetramethy 1-2,6,10,14-
hexadecatetraene 2.235 

C20H34Au09PS 
Tetra-O-acetylglucose-l

thiolato(triethylphosphino)gold(I) 
12.170 
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C20H3402 

C20H400 

C21H14 

C21 H17CIN2 

Ethyl linolenate 2.268 

3,1,11,15-Tetramethyl-2-hexadecen-l-ol 
2.238 

Eicosanoic acid 17.27 

1,2-Diphenylindene 3.70 

3-( 4-Chloropheny 1 )-1 ,5-dipheny 1-2-
pyrazoline 11.121 

5-( 4-Chlorophenyl)-1 ,3-diphenyl-2-
pyrazoline 11.122 

C21 H 17DN2 5-Deutero-l ,3,5-triphenyl-2-pyrazoline 
11.123 

C21H1SBrNO 
N-Benzhydry 1-4-bromomethy Ibenzamide 

3.22 

.. C21H19BrC12N2S2 . 
5,5' -Dichloro-3,3-diethyl-2,2'

thiacarbocyanine bromide 11. 163 

C21H19N302 1,4-Dihydro~2,6-dimethyl-3,5-
diphenylaminocarbony lpyridine 6.44 

C21 H20N20 4- [2-(N,N-Dimethylhydrazono )ethylidene]-
2,6-diphenylpyran 15.1 

Curcumin 4.77· 

C21H21N Tribenzylamine 8.6 

C21 H22N20 2 Strychnine· 8.99 

C21 H22N6 .• Pyrazole dye 4 11.24 

Pyrazole dye 6 11.21 

C21H24N40 4-(4'-Diethylamino-2'-methylphenyl)imino-
3-methyl-l-phenyl-2~pyrazolin-5-one 
11.144 

C21H24N402 2,4-Dihydro-4-[4-[ethyl(2-
hydroxyethy l)amino ]-2-
methylpheny 1]imino-5-
methyl-2-phenylpyrazol-3-orie 11.129 

C21H2SN04 \ Glaucine 8.21 

C21 H26N20 3 Vincamine 8. 100 

C21H26N7013PZ + 
Nicotinamide adenine dinucleotide 16.47 

2-Hydroxy-4-octyloxybenzophenone 4.43 
4-(1,1,3,3 Tetramethylbutyl)phenyl sali-

cy late 4. 144 

C21H2SN6015P2 
Nicotinamide hypoxanthine dinucleotide, 

reduced 16.42· 

C21H2SN7017P3 

C21H280 

C21 H2S04 

Nicotinamide adenine dinucleotide phos-
phate . 16.49 

4-Benzyl-2,6-di-tert-butylphenol 4.104 

endo-2,3-Di(methoxycarbonyl)-7 -
adamantylidenenorbornane ... 2. 17 

exo-2,3-Di(methoxycarbonyl)-7-
adamantylidenenorbornane 2.18 

C21 H29N7014P2 
Nicotinamide adenine dinucleotide, reduced 

16.48 

C21H30N7017P3 
Nicotinamide-adenine dinucleotide phos-

phate, reduced 16.50 

C21H3003 7-Dehydroandrosterone-3-acetate 16.5 

C21H31N04 3,5-Dicyclohexyloxycarbonyl-l,4-dihydro-
2,6-dimethylpyridine 6.46 

C21H3202 Pregnenolone 16.62 

C21H3SN04 3,5-Dihexyloxycarbonyl-l,4-dihydro-2,6-
dimethylpyridine 6.48 

C21 H36N7016P3S 
Coenzyme A 16. 17 

C21H420 Methyl phytyl ether 2.237 

C22H14 Dibenz[a,h]anthracene 3.61 
Pentacene 3.96 

C22H16N20 4-(2',3' -Benzo-4'
oxocyclohexadienyliden)amino-N
phenylaniline 11.84 

C22H1SO 1,3-Diphenyl-5,6-dimethylisobenzofuran 
5.82 

C22H2oN2 3-( 4-Methylpheny 1)-1 ,5-diphenyl-2-
pyrazoline 11. 126 

5-( 4-Methylpheny 1)-1 ,3-diphenyl-2-
pyrazoline 11. 127 . 

C22H20N20 3-( 4-Methoxyphenyl)-1,5-diphenyl-2-
pyrazoline 11. 124 

5-( 4~ Methoxyphenyl)-l ,3-diphenyl~2-
pyrazoline 11. 125 

C22H22Cl3Ns02 
. 2,4-Dihydro-4,:,( 4-diethylamino-2-

methy Ipheny 1)imino-5-methylcarbamyl-
2-(2,4,6-trichlorophenyl)pyrazol-3-one 
71.146 

C22H23N302 1,4-Dihydro-2,4,6-trimethyl~3,5-
diphenylaminocarbonylpyridine 6.45 

C22H24BrNs02 
2,4-Dihydro-2-( 4-bromophenyl)-4-( 4-· 

diethy lamino-2-methylphenyl)imino- 5-
methylcarbamylpyrazol-3-one 71.735 

C22H24C1N502 . 
2,4-Dihydro-2-(3-chlorophenyl)-4-( 4-

diethylamino-2-methylphenyl)imino- 5-
methy1carbamylpyrazol-3-one 11.136 

2,4-Dihydro-2-(4-chlorophenyl)-4-(4-
diethylamino-2-triethylphenyl)imino- 5-
methy1carbamylpyrazol-3-one 11.137 

C22H24N202 2,4-Di[2-methyl-4-
(dimethyl amino )phenyl]squarylium 
11.47 

Pyrazole dye 3 11.22 
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C22H24N 60 4 2,4-Dihydro-4-( 4-di ethy lamino-2-
methylphenyl)imino-5-methy1carbamyl-
2-(4-nitrophenyl)pyrazol-3-one 11.145 

C22H2SN S02 2,4-Dihydro-4-( 4-diethylamino-2-
methyl pheny 1 )imino-5-methy 1carbamy 1-
2-phenylpyrazol-3-one 11.128 

C22H26Br2N2Ni02 
Bis [2-[(buty limino )methy 1 ]-4-

bromophenolato ]nickel(II) 12.17 

C22H26N40 4-(4'-Diethylamino-2',6'
dimethylphenyl)imino-3-methyl-l
phenyl-2-pyrazolin-5-one 11.140 

4-(4' -Dimethylamino-2',3',5',6'
tetramethylphenyl )imino-3-methyl-l
phenyI-2-pyrazolin-5-one 11.151 

C22H2603 Bioresmethrin 5.76 

C22H27N 50 3S 
2,4-Dihydro-4-[4-[(2-

methy lsulfamy Iethy l)ethy lamino J-2-
methylphenyl]imino-5-
methyl-2-phenylpyrazol-3-one 11.78 

C22H2SN2Ni02 
Bis[2-

[(buty limino )methyl]phenolato ]nickel(II) 
12.19 

Bis[2-[( 1, I-dimethylethylimino )rnethyl]
phenolato]nickel(II) 12.57 

Bis[2-[(1-methylpropylimino)methyl]
phenolato]nickel(II) 12.105 

C22H29NNi02S 
Cyc1ohexylamine[2,2'-thiobis(3,4-

dimethylphenolato)]nickel(II) 12.130 

C22H29N30 2-(2' -Hydroxy-3',S' -di-tert
pentylphenyl)benzotriazole 4.96 

C2?H~&02 

C22H4202 

C22H440 

Docosahexaenoic acid 2.200 
Retinyl acetate 2.344 

6,11-Dimethyl-2,2,15,15-tetramethoxy-
4,6,8,10,12-hexadecapentaene-3,14-dione 
(all-£) 2.233 

2,5-Di-sec-octylhydroquinone 4.19 

Phytyl acetate 2.239 

Ethyl phytyl ether 2.236 

C22H440 2 Docosanoic acid 17.22 

C23H 17H50 9S3 2-
N-[5-Hydroxy-8-[[2-(methylsulfonyl)-4-

nitrophenyl]azo ]-1-
naphthalenyl-l,3-benzenedisulfonamide, 
conjugate dibase 11.86 

C23HlSH509S3 -
N-[5-Hydroxy-8-[[2-(methylsulfonyl)-4-

nitrophenyl]azo]-I-
naphthaleny 1-1 ,3-benzenedisulfonamide, 
conjugate base 11.85 

4,5-Dihydro-l,5-diphenyl-3-(2-
phenylethenyl)pyrazole 11.119 

3,8,3',lO'-Di(1,3-propanediyl)-2,2'
thiacarbocyanine iodide 11. 156 

C23H23BrC12N2S2 
5,5' -Dichloro-3,9,3'-triethyl-2,2'

thiacarbocyanine bromide 11. 164 

C23H23IN2 1,l'-Diethyl-2,2'~cyanine iodide 11.45 

C23H23IN2S2 
3,3'-Diethyl-2,2'-thiadicarbocyanine iodide 

11.173 

C23H23N02 3,5-Dibenzoyl-1,4-dihydro-2,6-
dimethylpyridine 6.43 

C23H23N04 3,5-Diethoxycarbonyl-l,4-dihydro-2,6-
diphenylpyridine 6.50 

C23H25BrN2S2 
3,9,3'-Triethyl-2,2'-thiacarbocyanine 

bromide 11.171 

4-Diethylaminobenzaldehyde dipheny lhydra-
zone 15.4 

C23H26N2 Leucomalachite Green 11.77 

C23H26N204 Brucine 8.9 

C23H27N502 2,4-Dihydro-4-(4-diethylamino-2-
methy lpheny 1 )imino-5-methy 1carbamyl-
2-(3-methylphenyl)pyrazol-3-one 11.143 

C23H27N 503 2,4-Dihydro-4-( 4-diethy 1 amino-2-
me thy 1 pheny 1 )imino-5-methy 1carbamy 1-
2-(3-methoxypheny 1 )pyrazol-3-one 
11.142 

2,2' -Spirobis[3,4-dihydro-6-hydroxy-4,4, 7-
trimethyl-l-benzopyran] 4.185 

C23H29N302 N,N-Diethyl-4-[N-(phenylaminocarbonyl)
pivaloylmethylene]aminoaniline 11.112 

C23H30N20S 4,4'-Dimethyl-3,3',5,5' -tetracarbethoxy-2,2'
uipynylme;;tham:: 6.65 

C23H3003 

C23H3202 

RO 10-9359 2.262 

2,2'-Methylenebis(6-tert-butyl-4-
methylphenol) 4.136 

C23H3203 16-Dehydropregnenolone-3-acetate 16.61 

C23H36N202 4-(N-Dipivaloylmethylene)amino-3,N,N
triethylaniline 11.67 

C23H46 (Z)-9-Tricosene 2.349 

C24H 16N2Ni02 
2,2'-[1,8-

Naphthylenebis(nitrilomethylidyne)]
bis [phenolato] nickel (II) 12.160 

C24H1SO 2,4,6-Triphenylphenol 4.149 

C24H19N302 1-(4-Methylphenylazo)-3-
(phenylaminocarbonyl)-2-naphthol 
11.80 
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( '24H20C004P2S4 
Dis(O,O'-

dipheny lphosphorodhhio]ato )cobal t(II) 
12.68 

( '24HzoCr04PZS4 
Bis(O,O'-

dipheny lphosphorodithiolato )chromi um(ll) 
12.67 

( '24H20Cu04P2S4 
Bis(O,O'-

dipheny 1 phosphorodi thiolato )copperCII) 
12.69 

(:24H20Ni°J'2S4 
Bis(O,O'-

dipheny lphosphorodithiolato )nickel(II) 
12.71 

C24H2004P2PbS4 
Bis(O,O' -

diphenylphosphorodithio1ato )lead(IJ) 
12.70 

C24H2004P2S4Zn 
Bis(O,O'-

diphenylphosphorodithiolato )zinc(IJ) 
12.72 

C24H22CoN4S4 

C24H2SBrN20 

Bis[ 5-ethyl-3-[ (3-pyridiny limino )methy 1]-2-
thiophenethionato] ,cobalt(II) 12.84 

1-( 4-Bromophenyl)-4,4,8,8-tetramethyl-
2.3A5.7.8.9JO-octahydropyrrolo[4.3.2-
m,n]acridine-10-one 6.67 

3,3' -DiethyI-8,9-( 1 ,3-propanediy1)-2,2'
thiacarbocyanine iodide 11. 170 

I-Phenyl-4,4,8,8-tetramethyl-
2,3,4,5,7,8,9,1 O-octahydropyrrolo[ 4,3,2-
m,n]acridine-lO-one 6.69 

Pyrazole dye 2 11. 155 

C24H2SN204 2.4-Di[2-hydroxy-4-
(diethylamino)pheny1]squarylium 11.46 

6,6'-Diapo-V,ljf-carotenedioic acid 2.174 
9-cis-6,6'-Diapo-'I',v-carotenedioic acid 

2.179 

C24H30N40 4_(4'_Diethylamino_2,_methylphenyl)imino-
3-(2-methyl-2-
propyl)-1-phenyl-2-pyrazolin-S-one 
11.141 

C24H3 1 N30 2 N,N-Diethyl-3-methyl-4-[N
(pheny laminocarbony 1)-
pi valoylmethylene]anlinoaniline 11.111 

C24H32N03S2 -
10-( 12-Sulfonatododecy I )phenothiazine 

13.124 

C24H32N2Ni04 
Dis[2-[ (buty 1imiuo )1ll~thy 1]-4-

methoxyphenolato ] nickel (II) 12.18 

Phenyllinoleate 2.266 

C24H3S02 Phenyl oleate 2.273 

C24H42N206 Bis(2,2,6,6-tetramethyl-4-piperidinol-l-oxyl) 
1,6-hexanedioate 15.38 

C24H44C004P2S4 
Bis(O,O'-

C24H44NiPZS4 

dicyclohexy Iphosphorodithiolato )cobalt(II) 
12.36 

Bis( dicyc10hexy Iphosphinodithiolato )nickeI(ll) 
12.35 

N,N'-Bis[4-(2,2,6,6-tetramethylpiperidinyI)]-
1,6-hexanediamine 8.64 

(C24HSoN4)n Poly (N,N' -Bis[ 4-(2,2,6,6-
tetramethylpiperidinyl)]-1,6-
hexanediamine) 8.65 

CzsH19N 1,2-Diphenyl-4-
methylcyc1openta[b ]quinoline 6.4 

C2sH20N404 1-( 4-Amjnocarbonylpheny1azo )-3-(2-
methoxypheny 1aminocarbonyl)-2-
naphthol 11.79 

C2sH23BF 4N4S2 
5,5' -Dicyano-3,9,3' -triethyl-2,2'

thiacarbocyanine tetrafluoroborate 
11.165 

CZSHZ4N202 4,5-Dihydro-S-(4-mcthoxyphenyl)-3-[2-(4-
methoxypheny l)etheny 1]-
1-pheny lpyrazole 11. 120 

C2sH24N6S Pyrazole dye 5 11.25 

C25H2403 3-Benzoyloxy-1 ,3,5(10),9(1 I )-estratetraen-
17 -one 16.30 

C25H25CIN2 1,l'-Diethyl-2,2'-carbocyanine chloride 
11.41 

C2SH25IN202 
3,3'-Dit::tltyl-2,2'-uxatricarbocyanine iodide 

11.109 

3,3' -Diethyl-2,2'-thiatricarbocyanine iodide 
11.174 

C25H2SN2 + 1 ,l'-Diethyl-4,4' -carbocyanine 11.42 

C25H2SN302 4-LN-Henzoyl{phenylaminocarbonyl)
methy lene )amino-N ,N-diethy laniline 
11.28 

C2sH260SS 3-Tosyloxy-l ,3,5( 1 O),9( 11 )-estratetraen-17-
one 16.33 

C2sH28N202 1-(4-Methoxyphenyl)-4,4,8,8-tetramethyl-
2,3,4,5,7,8,9,1 O-octahydropyrrolo[ 4,3,2-
m,n]acridine-IO-one 6.68 

C2sH30CIN3 Crystal Violet 11.44 
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Bixin 2.177 

C2sH32N40 4-(4' -Diethylamino-2',6'
dimethylphenyl)imino-3-(2-methyl-2-
propy 1)-I-phenyl-2-pyrazolin-5-one 
11.139 

C26H16 
C26H17Cl 

C26H1S 

4-Dodecy loxy-2-hydroxybenzophenone 
4.42 

Anthra[ 1 ,9-bc:4, 1 O-b' c']dichromene 3.20 
B enzo[ 1 ,2,3-kl :4,5,6-k' l']dixanthene 3.56 

9,9'-Bifluorenylidene 3.66 

l-Chloro-9,1 O-diphenylanthracene 3.6 

9,10-Diphenylanthracene 3.11 

C26H19NO 1,1,3-Triphenylisoindole N-oxyl 15.25 

C26H20CoN202 
Bis[2-

[(pheny !imino )methy l]phenolato ]coba1t(IJ) 
12.108 

C26H20CuN202 
Bis[2-

[(pheny limino )methy l]phenolato ]copper(IJ) 
12.109 

C26H20N2Ni02 
Bis[2-

[(pheny limino )methy I ]phenolato] nickel(II) 
12.110 

C26H20N2NiS4 
Bis(diphenyldithiocarbamato )nickel(lI) 

12.64 

C26H22N4Ni02 
Bis[2-hydroxybenzaldehyde 

pheny Ihydrazone ]nickel(JI) 12.90 

C26H26ClIN2S 
3-Methyl-2-[7-(5-chloro-l,3,3-trimethyl-2-

indolylidene )-1-( 1 ,3,5-heptatrienyl)
benzothiazolium iodide 11.34 

C26H26FIN2S 
3-Methyl-2-[7 -(5-fluoro-l ,3,3-trimethyl-2-

indolylidene)-I-(1,3,S-heptatrienyl)
benzothiazolium iodide 11.35 

C26H32N2Ni02 
Bis[2-

[(cyc1ohexylimino)methyl]phenolato]nickr 
12.24 

C26H32Ni06 Bis[3,5-di(1-
methylethyl)salicylato]nickel(II) 12.60 

C26H3204 trans-Methylbixin 2.175 
Methylbixin 2.176 

C26H33N3Na06S2 
Merocyanine 540 11.39 

C26H3402 Phenyllinolenate 2.270 

C26H36CoN2S4 
Bis[3-(cyc1ohexylimino)methyl]-5-ethyl-2-

thiophenethionato]cobalt(JI) 12.20 

C26H36CuN202S2 
Bis[3-(cyclohexylimino)methyl]-5-ethyl-2-

thiophenonato]copper(II) 12.22 

C26H36N2NiS4 
Bis[3-(cyclohexylimino)methyl]-S-ethyl-2-

thiophenethion::l.tn]nickel(IT) 12.21 

C26H36N2S4 N,N' -[Dithiobis[(5-ethyl-2,3-
thiophenediyl)-
methy lidyne] ]biscyc1ohexanamine 

13.63 

C26H36N2S4Zn 
Bis[3-(cyc1ohexylimino)methyl]-5-ethyl-2-

thiophenethionato ]zinc(ll) 12.23 

Phenyl arachidonate 2.214 

8, 1 3-Dimethyl-2,2,19, 19-tetramethoxy-
4,6,8,10,12,14, 16-eicosaheptaene-3, 18-
dione (all-£) 2.211 

C26H3SN206 Bis(2,2,6,6-tetramethyl-4-piperidinol-l-oxyl) 
terephth al ate 15.39 

Toeol 4.48 

C27H23CIN2S2 

1-Methy lamino-9, 1 O-dipheny lanthraeene 
9.20 

3,3'-Diethyl-4,5,4',5' -dibenzo-2,2'-
C26H27IN2S 3-Methyl-2-[7-(1,3,3-trimethyl-2-indol-2- thiacyanine chloride 11.105 

y lidene )-1 ,3,5-heptatrieny l]benzothiazolium, 
iodide 11.37 C27H27N7 Pyrazole dye 7 11.23 

C27 H2SN20 2 4-(Dibenzoy Imethy lene )amino-3,N,N
triethy laniline 11. 116 

C26H30CoN405P 

Benzoyl(phenylaminocarbonyl)methylene]
amino-N,N-diethyl-3-methylaniline 
11.27 

Hydroxybis( dime thy 19lyoximato )tripheny 1-
phosphinecobalt(II) 12.148 

C26H32Co06 Bis[3,5-di(l-
methylethyl)salicyl ato] cobalt(II) 12.59 

C27H2SN209 5-Iminodaunomycin 4.81 

C27H29IN20S 
3-Methyl-2-[7-(5-methoxy-1,3,3-trimethyl-

2-indolylidene )-1-(1 ,3,5-heptatrienyl)
benzothiazolium iodide 11.36 

C27H29IN2S 3-Methyl-2-[7-(1,3,3,5-tetramethyl-2-
indolylidene )-1-
(1,3,5-heptatrienyl)benzothiazolium, 
iodide 11.38 
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C27H29NOlO 

t.:17H29NOll 

CnH29N302 

C27H30016 

C27H44 

C27H440 

C27H460 

Daunomycin 4.79 

Adriamycin 4.80 

4-[N-Benzoyl(phenylaminocarbonyl)
methylene ]amino-N ,N-diethy 1-3,5-
dimethyl aniline 11.26 

5 -fp-(Dimethy lamino )phenyl]-3-[p
(dimethyl amino )styryl]-1-phenyl-2-
pyrazoline 11.118 

4-[N-Di(phenylaminocarbonyl)methylene)-
amino-3,N,N-triethylaniline 11.115 

Rutin 4.58 

3,5-Cholestadiene 2.89 

Vitamin D3 2.361 

Cholesterol 16. 14 

C27 H460 2 8-Tocopherol 4.46 

C28H 12ClgNiS4 
Bis[ 1 ,2-di(2,4-dichlorophenyI)-1 ,2-

ethenedithiolato ]nickel(ll) 12.37 
Bjs[ 1 ,2-di(3,4~dichlorophenyl)-1,2-

ethenedithiolato ]nickel(II) 12.38 

C2sH1402 Heterocoerdianthrone 3.68 

C2sH16 Dibenzo[a,j]perylene 3.63 
Helianthrene· 3.67 

C2sH16Br4NiS4 
, Bisfl,2-di(2-bromophenyl)-1,2-

ethenedithiolato ]nickel(n) 12.25 

C2sH16C14NiS4 
Bis[1,2-di(2-chlorophenyl)-1,2-

ethenedithiolato]nickel(ll) 12.33 
Bis[ 1 ,2-di( 4-chlorophenyl)-1~2-

ethenedithiolato Jnickel(ll) 12.34 

C2sH20N20 4;,.(2',3' ~BenZo-4';' 
oxocyc1ohexadieny Uden )amino-N,N
diphenylaniline 11.82 

C2sH20NiS4 Bis[1,2-diphenyl-l,2-
ethenedithiolatoJnickel(II) 12.66 

C2sH200 Tetraphenylfuran 5.52 

C2sH2002 Tetraphenyl-p-dioxin 2.196 

C2sH22N40 4-(4' -Diphenylaminophenyl)imino-3-
methyl-l-phenyl~2-pyrazolin-5-one 

11.152 

C28H22Ni04 Bis[2-hydroxy-5-
methy Ibenzophenonato ]nickel(ll) 12.94 

1 ,4-Dimethoxy-9, 1 O-diphenylanthracene 
3.9 

C2SH28Co04P2S4 
Bis[ 0,0' -die 4~ 

methy lpheny 1 )phosphorodithiolato ]cobalt(II) 
12.61 

C2sH28CU04P2S4 
Bis[O,0'-di(4-

methylphenyl)phosphorodithiolato]copper(ll) 
12.62 

C28H28N203S3 
3,3' -Diethyl-2,2'-thiacarbocyanine 

toluene sulfonate 11. 166 

C28H28Ni04P2S4 
Bis[ 0,0' -die 4-methylphenyl)phosphoro-

dithiolatoJnickel(ll) 12.63 

C28H29N202S2 -
SqUary\iUID Dye 3a 11.32 

C2sH29Ns02 4.;(4'-Diethylamino-2',6'-
dimethylpheny l)imino-3-(benzoy lamino)
I-phenyl-2-pyrazolin-5-one 11.138 

C2sH3204 6,lO,15,19·Tetramethyl-

C2SH42Ni03S 

4,6,8,10,12,14,16,18,20-
tetracosanonaene-2,3 ,22,23-tetraone (all
E) 2.348 

Aqua[2,2' -thiobis[4-(1,1,3,3-
tetramethy lbuty l)]phenolato ]nickel(ll) 
12.5 

C2sH4202S 2,2'·Thiobis[4-(Ll,3,3-
tetramethylbutyl)phenol] 4.145 

C2sH43N 4A' ~Di~tert-octyldiphenylamine 9. 18 

C2sH43NNi02S 
Ammine[2,2' -thiobis[4-(l,1,3,3-

tetramethylhlltyl)]phenolato]nickel(TI) 
12.2 

Dodecy lamine[2,2' -thiobis(3,4-
dimethylphen01 ato»)nickel(ll) 12.134 

C2sH440 Ergosterol 16.26 

C2sH460 4-MethyI-4-cholesten-3-one 2.90 

C28H4S02 S,7-Dimethyltocol 4.51 
~-Tocopherol 4.52 
y-Tocopherol 4.53 

C28H500 3 ~-Tocopherol hydroquinone 4.26 
y-Tocopherol hydroquinone 4.27 

C28H52N204 Tinuvin 770 8.78 

C28H52N206 Bis(2,2,6,6-tetramethyl-4-piperidinol-l-oxyl) 
1,lO-decanedioate 15.37 

C29H200 Tetrapheny lcycIopentadienone 3.60 

C29H26010 Cercosporin 16.55 

C29H27N09 _ Aminocercosporin 16.54 

C29H3oN20S Diaminocercosporin 16.56 

C29H31C12IN2 
5,5' -Dichloro-l,l',3,3,3/,3 i

-

hexamethyltricarbocyanine, iodide 
11.178 
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5,5'-Difluoro-l,I',3,3,3',3'- . 
hexamethy ltricarbocyanine, iodide 
11.179 

C29H32BBrF 4N2 
2-[7 -(4-Bromo-1 ,3,3-trimethy 1-2-indol-2-

ylidene)- 1,3,S-heptntrienyIJ-l,3,3-
trimethy 1indoli~m, tetrafluoroborate 
11.70 

C2yHj2BCIF 4N :z 
2-[7-(4-Chloro-1,3,3-trimethyl-2-indol-2-

ylidene )-1 ,3,5-heptatrienyl]-1 ,3,3-
trimethylindolium, tetrafluoroborate 
11.71 

C29H32BF4IN2 
2-[7 -(4-Iodo-1 ,3,3-trimethyl-2-indol-2-

y lidene )-1,3 ,5-heptatrieny 1]-1,3,3-
trimethylindolium, tetrafluoroborate 
11.73 

C29H3212N2 2-[7-(4-Iodo-l,3,3-trimethyl-2-indol-2-
ylidene)-1,3,5-heptatrienyl]- 1,3,3-
trimethylindolium, iodide 11.72 

C29H320S 1,l'-Spirobis[2,3-dihydro-5,6-
di(methoxycarbonyl)-3,3-
dimethylindene] - 3.98 

C29H33CIN204 
l,l',3,3,3',3'-Hexamethyltricarbocyanine, 

perchlorate 11. 183 

C29H33FN2 1,1 ',3,3,3',3' -Hexamethyltricarbocyanine, 
fluoride 11.181 

C29H33IN2 1.1'.3.3.3'.3'-Hexamethyltricarbocyanine. 
iodide .11.182 

C29H4004 2,2' -Spirobis[7-tert-butyl-3,4-dihydro-6-
hydroxy-4.4-dimethylbenzopyran] 4.184 

C29H4203 2',4' -Di-tert-butylphenyl 3,5-di-tert-butyl-4-
hydroxy benzoate 4.38 

C29H430Se+ 2,6-Bis(1,I-dimethylethyl)-4-[I-[2,6-bis(1,1-. 
dimethylethy I )selenapyran-4-
ylidene]-3-propenyl]pyrylium 11.157 

C29H430Te + 2,6-Bis(1, I-dimethylethyl)-4-[ 1-[2,6-bis(1 ,1-
dimethy lethyl )telluropyran-
4-ylidene]-3-propenyl]pyrylium 11.158 

C29H4302 + 4,4'-(1,3.:Propcnyl}bis[2,6-di(l,1-
dimethylethyl)pyrylium 11.159 

C29H43 SSe + 2,6-Bis( 1, 1-dimethy lethy 1)-4-[1-[2,6-bis( 1,1-
dimcthy lcthy 1 )sc1cnopyran-
4-y lidene J-3-propeny l]thiopyry lium 
11.175 

C29H43S2 + 2,6-Bis(1,1-dimethylethyl} .. 4-[1-[2,6-bis(1,1-
dimethy lethy 1)thiopyran-4-
y lidene ]-3-propeny l]thiopyry lium 
11.176 

C29H43Se2 + 2,6-Bis(l,I-dimethylethyl)-4-[l-[2,6-bis(l,I. 
dimethylethy l)selenopyran-
4-ylidene]-3-propenyl]selenopyrylium 
11.160 

C29H43 Te2 + 2,6.,.Bis(I,1-dimethylethyl)-4-[1-[2,6-bis(1, I" 
dimethylethy 1)telluropyran-4-
ylidcnc]-3-propcnyl]tclluropyry]ium 
11.161 

C29H5002 

C29H5203 

C30H160g 

C30H1802 

C30H2209 

a-Tocopherol 4.50 

a-Tocopherol hydroquinone 4.28 

Hypericin 16.60 

Dimethylhomocoerdianthrone 3.95 

Rubellin A 16.8 

C30H24C12N6Ru 
Tris(2,2'-bipyridine )ruthenium(ll) 

dichloride 12.177 

C30H24CoN62+ 
Tris(2,2'-bipyridinc)coba1t(II) ion 12.176 

C30H240lQ ElsinochromeA 16.10 

C30H26010- Elsinochrome B . 16.9 

C30H2SN4Ni04 
Nickel(II) deuteroporphyrin 7.95 

C30H28N602 4,4'-[2,3,5,6-Tetramethylphenylenebis]-3-
methyl-l-phenyl-2-pyrazolin-5-one 
11.153 

C30H28010 Methylcercosporin 16.58· 

C30H30FN30SS 
4-[2',3'-Benzo-4'-oxo-5'-(2-methoxy-5· 

fluorosulfony l)phenyl]amino-N,N
diethylaniline 11.81 

C30H30NO Bis[4-(1-methyl.:.l-
phenylethyl)phenyl]nitroxide 15.27 

C30H30N203S3 
3,3' -Diethyl-8,lO-ethanediyl-2,2'-

thiacarbocyanine toluenesulfonate 
11.169 

C30H30010 Phleichrome 16.53 

C30H32N203S3 
3,3'-Diethyl-8,lO-dimethyl-2,2' -

_ thiacarbocyariineto}uenesulfonate 
11.168 

C30H32N205S3 

C30H400 

C30H420 

C30H42°2 

3,3' -Diethyl-5,5'-dimethoxy-2,2'-
thiacarbocyanine toluene sulfonate 
11.167 

~-apo-8' -CarotenaI 2.62 

~-apo~8' -Caroteno1 2.86 

1,2-Ethandiy lidenebis[3,5-di( 1,1-
dimethylethyl)-2,5-cyc1ohexadien-4-one] 
17.12 

C30-Carotene analog 2.77 
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C30-Capsorubin 2.205 
C30-Epiisocapsorubin 2.206 
C30-Isocapsorubin 2.207 

C30H460 2 Ergosterol acetate 16.27 

C30H47NNi02S 
Ethylamine[2,2' -thiobis[ 4-(1,1,3,3-

tetramethylbutyl)]phenolato]nickel(II) 
12.142 

Squalene 2.346 

a-Tocopherol methyl ether 5.4 
5,7-Diethyltoco14.45 

C30H5402 2,5-Di-sec-dodecylhydroquinone 4.17 

C30H56N204 Di( 1 ,2,2,6,6-pentaamethy 1-4-piperidinol) 
1,1 O-decanedioate. 8.74 

C31H29BrN2S2 
3,9,3'-Triethyl-4,5,4',5' -:-dibenzo-2,2'

thiacarbocyanine bromide 11. 106 

C31H30010 Dimethylcercosporin 16.57 

C31H32IN3 l,3,3)',3',3'-Hexamethyl-R,10-indolo-2,2'-
carbocyanine iodide 11.40 

C31H37IN2 1,I',3,3,3',3',5,5'-Octamethyltricarbocyanine, 

C31H37IN202 

iodide 11.184 

5,5' -Dimethoxy-l, 1 ',3;3,3',3'-
hexamethyltricarbocyanine, iodide 
11.180 . 

Pyrazole, 4,5-dihydro·5-[ 4-
(diethylamino)phenyl]-3-[2-[4-
(diethylamino )phenyl]ethenyl]-l-phenyl-
11.117 

C31H3SN402 Etiobiliverdin-IVy 7.3 

C31H40N402 Etiobilirubin-IVy 7.4 

C31 H49NNi02S 

C31H5002 

C31 H5i02 

Propy1arnine[2,2' -thiubi:s[ 4-(1,1,3,3-
tetramethylbutyl)]phenolato]nickel(II) 
12~ 168 

Stigmasteryl. acetate 16.74 

Sitosteryl acetate 16.73 

C31H5203 a-Tocopheryl acetate 16.11 

C31 H540 2 a-Tocopherol ethyl ether 5.5 
7-tert-Butyl-5-methyltocol 4.55 
8-tert-Butyl-5-methyltocol 4.56 

C32H12AICINs09S3 
Chloroaluminum(ll) sulfophthalocyanine 

7.43 

C32H16F12NiS4 
Bis[ 1 ,2-di(4-trifluoromethylphenyl)-1,2-

ethenedithiolato ]nickel(II)· 12.76 

C32H22° 1,3,4,7-Tetraphenylisobenzofuran 5.85 

C32H2SNi04S4 
Bis[ 1 ,2-di( 4-methoxypheny 1 )-1,2-

ethenedithiolato]nickel(II). 12.54 

C32H32N203S3 
l,l'-Diethyl-4,4'-carbocyanine toluenesul-

fonate 11.43 

C32H32N404 7-Ethenyl-3,8,13,17-tetramethylporphine-
2,18-dipropanoic acid 7.93 

C32H34N404 Deuteroporphyrin, dimethyl ester 7.94 

C32H36N203S3 
3,9,3' -Triethyl-5,5'-dimethoxy-2,2'-

thiacarbocyanine toluenesulfonate 
11.172 

Ethyl ~-apo-8' -carotenoate 2.85 

6, 10, 15, 19-Tetramethyl-2,2,23,23-
tetramethoxytetracosa-
4,6,8,10,12,14,16,18,20-nonaene-3,22-
dione (all-E) 2.347 

C32H44014 emi-Crocin 2.178 

C32HS1 CoN02S 
Butylamine[2,2' -thiobis[4-(1,1 ,3,3-

tetramethylbutyl)]phenolato ]cobalt(II) 
12.121 

C32H51NNi02S 
Butylamine[2,2' -thiobis[ 4-( 1,1,3,3-

tetramethylbutyl)]phenol ato] nickel (II) 
12.122 

5,7-Di(1-methylethyl)tocol 4.47 

C33H30CoN50S 
Hydroxybis( diphenylglyoximato )pyridine-

cobalt(TI) 12.149 

C33H34N406 Biliverdin 7.7 

C33H36N406 Bilirubin 7.5 

C33H40N209 Reserpine 8.98 

C33H~406 Mesobilirubin IX 7.9 

C33H41BF4N20 
2-[7 -( 1 ,3,3-Trimethy 1-2-indo1-2-y Udene )-1-

[4-(2,2-dimethoxyethy 1)-1,3,5-
heptatrienyl]-I,1 ,3-trimethy lindolium, 
tetrafluoroborate 11.74 

C33H42019. Troxerutin 4.57 

C33H60N406 Tri(2,2,6,6-tetramethyl-4~piperidinol) nitrilo
triacetate 8.80 

1,2,3,10,11,12-Hexahydrodiirideno[5,6-
. a:5',6'-.llperylene-8,17-dione 3.65 

C34H32CdN404 
Cadmium(Il) protoporphyrin 7.75 

C34H32CoN404 
Coba1t(lI) protoporphyrin . 7. 76 

C34H32CuN404 
Copper(II) protoporphyrin 7.77 

C34H32N4Ni04 
Nickel(II) protoporphyrin 7.80 

C34H32N404Zn 
Zinc(Il) protoporphyrin IX 7.81 
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C34H34N404 Protoporphyrin IX 7.73 

C34H34Ni06 Bis[4-(1,1-
dimethylethyl)phenylsalicylato]nickel(II) 
12.58 

C34H36CoN404 
Cobalt(II) mesoporphyrin 7.82 

C34H36N4Ni04 
Nkkel(II) mesoporphyrin 7.87 

C34H36N404 8-Ethenyl-13-ethyl-3,7,12,17-
tetramethy Iporphine-2, 18-dipropanoic 
acid 7.90 

C34H36N405 Monohydroxyethyl vinyl deuteroporphyrin 
7.92 

C34H38N406 Hematoporphyrin IX 7.72 

C34H42B2FgN3 
2-[7 -(1,3,3-Trimethyl-2-indol-2-ylidene )-1-

C34H47NNi02S 

[4-( 1-piperidinio )-1 ,3,5-heptatrienyl]-
1,3 ,3-trimethy lindolium, 
bis(tetraftuoroborate) 77.75 

Aniline[2,2'-thiobis[ 4-( 1,1,3,3-
tetramethylbutyl)]phenolato] nickel (II) 
12.3 

C34H4804 C34-Capsorubin 2.231 
C34-Epiisocapsorubin 2.232 

C34H5002 Cholesteryl benzoate 16.15 

C34H53NNi02S 
Cyc1ohexylamine[2,2'-thiobis[4-(1,1,3,3-

C34HS5NNiOSS 

tetramethylbutyl)]phenolato]nickel(II) 
12.131 

Triethanolamine [2,2' -thiobis[ 4-(1,1,3,3-

C34H56NiOgP2 

tetramethylbutyl)]phenolato]nickel(ll) 
12.171 

Bis[ O-ethyl-3,5-di-( 1, I-dimethylethyl)-4-
hydroxybenzy Iphosphonato ]nickel (II) 
12.83 

C3sH25 Te2 + 2,6-Diphenyl-4-(2,6-diphenyltelluropyran-4-
ylidene)methyltelluropyrylium 11.162 

C35H32MgN405 
Protochlorophyllide 7.37 

C35H38N406 Biliverdin, dimethyl ester 7.8 

C35H40N406 Bilirubin IX dimethyl ester 7.6 

C 35-Carotene analog 2.78 

Octadecyl 3-(3',5'-di-tert-butyl-4'
hydroxyphenyl)propionate 4.33 

(C35H66N8)n Chimasorb 944 8.16 

C36H16CuNgOg 
Copper(II) tetracarboxyphthalocyanine 

7.45 

C36H24CoN62+ 

C36H24N 1 oNi 

Tris( 1 ,1 O-phenanthroline )cobal tell) ion 
12.178 

Bis[2,3-dihydro-N-2-pyridinyl-3-(2-
pyridiny limino )isoindol-1-
amine]nickel(ll) 12.45 

C36H26N 50 7S-
2-Methyl-6-[4-[2-[3-carboxy-4-(6-

hydroxy-3-xanthenon-9-yl)
phenylthiocarbamylethoxy]phenyl]imitb, ' 
a]pyrazin-3-one 16.39 

1,2,3,4,11,12,13,14-
Octahydrodinaphtho[2,3-a:2',3'
j]perylene-9,19-dione 3.62 

C36H32N203S3 
3,3'-Diethyl-4,5,4',5'-dibenzo-2,2'-

thiacarbocyanine tol uenesulfonate 
11.107 

C36H36CoS4 Bis[ 1 ,2-di( 4-ethy Iphenyl)-1 ,2-
ethenedithiolato]cobalt(ll) 12.41 

C36H36N4Ni04 
Nickel(ll) protoporphyrin, dimethyl ester 

7.79 

C36H36NiS4 Bisfl ,2-di(4-ethylphenyl)-1,2-
ethenedithiolato ]nickel(ll) 12.42 

C36H36PtS4 Bis[1,2-di(4-ethylphenyl)-1,2-
ethenedi thiolato ]platinum(ll) 12.43 

C36H38N404 Protoporphyrin IX, dimethyl ester 7.78 

C36H40CoN404 
Cobult(II) mesoporphyrin IX, dimethyl ester 

7.86 

C36H40N4NiS4 
Bis[ 1 ,2-di(dimethylaminophenyl)-1,2-

ethenedithiolato] nickel (ll) 12.39 

C36H40N404 8-Ethenyl-13-ethyl-3,7,12,17-
tetramethy Iporphine-2, 18-dipropanoic 
acid, dimethyl ester 7.91 

C36H42N404 Mesoporphyrin IX, dimethyl ester 7.85 

C36H54N2Ni02 
2,2'-[1,2-

Ethanediy Ibis(nitrilodecy lidyne )]bis[ 4-
methylphenolato] nickel (ll) 12.136 

C36H66N406 Tri(1,2,2,6,6-pentamethyl-4-piperidinol) nitri
lotriacetate 8.75 

C37H30BrIrOP2 
Bromocarbonylbis( tripheny lphosphine )iridjum 

12.119 

C37H30ClIrOP2 
Carbonylchlorohis(triphenylphosphine )iridium 

12.123 
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C37H30CIOP2Rh 
Carbonylchlorobis(triphenylphosphine )

rhodium 12. 124 

C37H3oflrOP2 

Carbony Ii odobis( triphenylphosphine )iri di urn 
12.125 

C37H42N402 Zinc(ll) etiopurpurin ethyl ester 7.31 

C37H46Si2 1,1,2,2-Tetrakis(2,4,6-
trimethylphenyl)disilirane· 17.21 

C37H48N6012S2 
Bilirubin ditaurate 7.10 

C3sH30N4Ni02 
Bis[2-[[(4-

(phenylamino)phenyl)imino]methyl]
phenolato]nickel(II) 12.106 

C38H43FeN406 
Iron(ll) (acetato)mesoporphyrin IX, 

dimethyl ester 7.74 

C38H44MnN4Q4 + 
Manganese(ITI) mesoporphyrin diethyl ester 

7.84 

C38H45N505 (Z)-DimethyI7-[2-(dimethylamino)-2-
oxoethyl]-8-ethy lidene-7 ,8-dihydro-
3,7,12,17-tetramethylporphine-2,18-
dipropionate 7.89 

C38H47NsOs (Z)-Dimetbyl 7~[2-(dimethylamino)-2-
oxoethyl]-8-ethyl-7,8-dihydro- 3,7,12,17-
tetramethy Iporphine-2, 18-dipropionate 
7.88 

C38H60CoN202 
Bis[2-

[( dodecylimino )methyl]phenolato ]coba1t(II) 

12.80 

C38H60CuN202 
Bis[2-

C39H6004 Ubiquino110 4.25 

C40H24 Mesodiphenylhelianthrene 3.64 

C40H44Ni012S4 
Bis( 1 ,2-di(3,4,5-trimethoxyphenyl)-1 ,2-

ethenedithiolato ]nickel(ll) 12.79 

C40H48Cd04P2S6 
Bis[2,2'-thiobis[ 0,0' -di(4-tert-

buty Ipheny I )phosphorodithiolato ]cadmium(TI) 
12.111 

C40H48C004P2S6 
Bis[2,2' -thiobis[ 0,O'-di(4-tert-

C40H48Ni04P2S6 

buty lpheny 1 )phosphorodithiolato ]cobalt(ll) 
12.112 

Bis[2,2'-thiohis[ 0,O'-di(4-tert-

C40H4S04P2PbS6 

buty lpheny l)phosphorodithiolato ]nickel(ll) 
12.114 

Bis[2,2'-thiobis[ 0,0' -di(4-tert-

C40H4804P2S6Zn 

buty Iphen y I )phosphorodi thiolato ]lead(ll) 
12.113 

Bis[2,2' -thiobis[ 0,0' -di(4-tert-
buty lpheny l)phosphorodithiolato ]zinc(ll) 
12.115 

C40HSoN4 Octaethyl[22]porphyrin-(2.2.2.2) (di-trans) 
7.98 

C40H52C004P2S4 
Bis[ 0,0' -di-( 4-tert-

buty Ipheny l)phosphorodithiolato ]cobalt(ll) 
12.30 

C40H5ZCuO 4PZS4 

Bis[ 0,0' -di-(4-tert-
buty lpheny 1 )phosphorodithiolato ]copper(ll) 
12.31 . 

[(dodecylimino)methyl]phenolato]copper(ll) C40H52Ni04P2S4 
12.81 Bis[O,O'-di-(4-tert-

CjSHOUNZNiOz 
Bis[2-

C38H60N2Ni04 

[( dodecy limino )methyl]phenolato ]nickel(II) 
12.82 

Bis[2' -hydroxy-4' -methyldodecanophenone 
oximato]nick~I(II) 12.95 

C38H64NiOSP2 
Bis[ 0-butyl-3,5-di-(l ,1-dimethylethyI)-4-

hydroxybenzy lphosphonato ]nickel(ll) 
12.16 

C3sH7002 2,5-Di-sec-hexadecylhydroquinone 4.18 

C39H34C13N304S2 
IR 140 11.33 

C39H39MgN 507 
Protochlorophy Hide 2-amino-2-

(methoxycarbonyl)ethyl ester 7.36 

buty lpheny 1 )phosphorodithiolato lnickel(ll) 
12.32 

C4QH520Sh 2,2,3,3-Tetrakis(2,6-

C40H520 2 

C4QH5204 

die thy Ipheny l)oxadisilirane 

~,~-Carotene-4,4' -dione 2.83 

Astaxanthin 2.82 

~,~-Caroten-4-one 2.88 

a-Carotene 2.63 
9-cis-~-Carotene 2.64 
15,15' -(Z)-~-Carotene 2.65 
I3-Carotene 2.66 
y-Carotene 2.76 
Lycopenc, (all-E)- 2.250 

~,~-Caroten-3-o1 2.87 

17.46 
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Xanthophyll 2.75 
p,~-Carotene-3 ,3' -diol, (3R,3' R)- 2.79 
~,~-Carotene-4,4'-diol, all-E- 2.81-
Dihydroxylycopene 2.251 

Violaxanthin 2.80 
C40-Epiisocapsorubin 2.84 

C40H58 Neurosporene - 2.70 

C40H60 ~-Carotene 2.72 

C40H62 15-cis-Phytoftuene 2.73 

C40H64 15-(Z)-Phytoene 2.74 

C40H67NNi02S 
Didodecylamine[2,2' -thiobis(3,4-

dimethylphenolato)]nickeI(II) 12.132 
Dodecy lamine [2,2' -thiobis[ 4-( 1,1,3,3-

tetramethy Ibutyl) ]phenolato ]nickel(II) 
12.135 

C40H68N205 A12 8.66 

C41HsoN402 2,3,7,8,12,13,17,18-0ctaethyl-5-
porphinepropenoic acid ethyl ester· 7.97 

C41 H52C12N402Sn 
Tin(IV) dichloro[ octaethyldihydropurpurin 

ethyl ester] 7.29 

C41 H52N40 2 Octaethylpurpurin ethyl ester 7.30 

C41Hs4N402 Octaethyldihydropurpurin ethyl ester 7.28 

C41 H:580Z 

C41H600 

C42H28 

Spheroidenone 2.B9 

Spheroidene 2.68 

Rubrene 3.125 

C42H3SN4Ni Bis[N-(4-methylphenyl)-7-[(4-
methy Ipheny 1 )imjno] -1,3,5-
cycloheptatrien-l-aminato ]nickel(II) 
12.104 

C42HS2C004P2S4 
2,2' -Methylenebis[ 0,0' -die 4-tert-

C42H52Ni04P2S4 

buty Ipheny l)dithiophosphate ]cobalt(II) 
12.156 

2,2':'Methylenebis[0,O' -di(4-tert-

C42H5204P2PbS4 

butylphenyl)dithiophosphate]nickel(Il) 
12.158 

2,2' -Methylenebis[ 0,0' -die 4-tert
butylphenyl)dithiophosphate]lead(II) 
12.157 

C42H540l- 4,4'-(4,7-Dihydro-5,6-
dimethy lisobenzofuran-l ,3-
diyl)bis(benzene-p-decBnoate jon) 5.81 

C42H5806 Fucoxanthin 2.67 

C42H6002 Spirilloxanthin 2.71 

C42HnN205 Tinuvin 144 8.73 

C43H47N2Na06S2 
IR 125 11.29 

C43H5SN404 Methyl aceta] of oxidized octaethylpurpurin 
ethyl ester 7.16 

C44H24C12N4012S4Sn4-
Dichloro[5, 1 0, 15,20-tetrakis(4-

sulfonatopheny 1 )porphinatostannate(N) 
ion 7.58 

C44H24CuI4N4 
5,10,15,20-Tetrakis(4-iodophenyl)porphine, 

copper(ll) 7.55 

C44H26 Mesodiphenylbenzhelianthrene 3.129 

C44H26N4012S44-
5,10,15,20-Tetrakis(4-

sulfonatopheny 1 )porphine 7.57 

C44H2SAICIN4 
5,] 0,15,20-

Tetrapheny Iporphinato( chloro )aluminum( III ' 
ion 7.61 

C44H2SCdN4 5,10,15,20-
Tetrapheny Iporphinatocadmium(II) 7.60 

C44H28CIFcN4 
Chloro( 5,10,15,20-

tetraphenylporphinato )iron(m) 7.49 

C44H2~CI2N4Sn 
Dichloro(5,10,15,20-

tetraphenylporphinato )tin(lV) 7.64 

C44H2~CoN4 S, 1 0, 15,20-Tetraphcnylporphinntocohnlt(U) 
7.62 

C44H28CuN4 5,10,15,20-Tetraphenylporphinatocopper(II) 
7.63 

C44H28MgN4 

C44H28MnN4 + 

5,10,15,20-
Tetraphenylporphinatomagnesium(II) 
7.65 

Manganese(III) 5,10,15,20-
tetrapheny lporphyrin 7.66 

C44H28N4Zn 5,10, 15,20-Tetraphenylporphinatozinc(II) 
7.68 

C44H28NiN4 Nickel(D) 5,10, 15,20-tetrapheny lporphyrin 
7.67 

C44H30CdN4 Cadmium(II) tetraphenylchlorin 7.51 

C44H30CuN4 Copper(II) tetraphenylchlorin 7.52 

C44H30N4 5, 1 O,15,20-Tetraphenylporphine 7.59 

C44H30N4Zn Zinc(II) tetraphenylchlorin 7.53 

C44H300 Hexaphenylisobenzofuran 5.84 

C44H32N4 

C44H34N4 

C44H46N4 

Tetraphenylchlorin 7.50 

trans-Tetraphenylbacteriochlorin 7.54 

2,3,lO,11,16,17,24,25-0ctaethyl-
5,6,7,8,19,20,21,22-
octadehydro [26]porphyrin-(2.4 .2.4) 
7.100 
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C44H4SBF 4N3 

C44H56NNiS4 

2-[7-(1,3,3-Trimethyl-2-indol-2-ylidene )-1-
[4-[3-(1 ,3,3-trimethyl-2-indolylidene)- 2-
propenyl]-l ,3,5-heptatrienyl]-1 ,1,3-
trimethy lindolium, tetraftuoroborate 
11.76 

Bis( 1 ,2-dipheny 1-1,2-
ethanedithionato )nickelate(l), tetnibu
tylammonium salt 12.65 

C44H640 24 Crocin 2. 173 

C45H2SFeN 5S 
5,10,15,20-

Tetraphenylporphinato(thiocyanato
S)iron(llI) 7.70 

C45H59N4·CI04 
4-[1,5,5-Tri(4-diethylaminophenyl)

pentadieny lidene] anilini urn perchlorate 
11.110 

C46H240 g 4- Rubrene-2,3,8,9-tetracarboxylate ion 3.126 

C46H31 FeN40 2 
Iron(llI) (acetato)5,10,15,20-

tetrapheny Iporphyrin 7.47 

C46H31MnN402 
Acetato( 5,10,15,20-

C46H38CoN40SP 

tetrapheny lporphinato )manganese(ill) 
7.48 

Hydroxybis( dipheny Iglyoximato)
triphenylphosphinecobalt(1I) 12.150 

1 ~2-Ethanediylidenebis[3-[2-hydroxy':'5-
methyl-3-(1,I-dimethylethyl)benzyl]- 5-
(1,1-dimethylethyl)]-2,5-cyclohexadien-
4-one 17.11 . 

C47H39CI06 2,3,2',3'-Bis(lA,10,13-trideca-4,6,8,10-
tetraen)tetray][4,6-diphenylpyrylium] per
chlorate 11.31 

C48H36CuN404 
5,10,15,20-Tetrakis( 4-

C4sH44NNi04S4 

methoxyphenyl)porphinatocopper(ll) 
7.56 

Bis[1,2-di(4~methoxyphenyl)-1,2-

ethanedithionato ]riickelate(I), tetrabu
tylammonium salt 12.53 

C48HSONS Tetra-tert-butylphthalocyanine 7.46 

C48H52F12NNiS4 
Bis[ 1 ,2-di( 4-trifluoromethylphenyl)-1,2-

ethanedithionato ]nickelate(I), tetrabu
tylammonium salt 12.75 

C4sH66N/+ [26] Porphyrin 7.99 

C4sH6S0Si2 2,2,3,3-Tetrakis(2,6-
diisopropylphenyl)oxadisilirane 17.47 

CSOHSON6Ni04 
Nickel(II) deuteroporphyrin bis(piperidine) 

7.96 

CsolI&iNg02Si3 
Bis( tripropy lsiloxy )silicon phthalocyanine 

7.41 

CsoH68 Decapreno-~-carotene 2.230 

CsoHnNgOsS 
Magenta dye 9 11. 154 

C50Hn02 P-438 (9 conjugated bonds) 2.299 

CSOH7402 P-422 (8 conjugated bonds) 2.298 

C51 H67CoN6012 
Hexamethyl Coa Co~-dicyano-7-

dee carboxymethyl)-7 ,8-
didehydrocobyrinate 16. 16 

CS3H4gCIN30SS2 
IR 132 11.108 

C54HssN204 2A-Di[2-methyl-4-(N-methyl-N
octadecylamino )pbenyl]squarylium 
11.48 

C5sH70MgN40S 
Protochlorophyll 7.39 

C5sH70MgN406 
Chlorophyll b 7.12 

C5sHnMgN40s 
Chlorophyll a 7. 11 

CssHnMgN406 
Bacteriochlorophyll b 7.2 

C55H72N405 . Protopheophytin 7.38 

CssHnN406 Pheophytin b 7.27 

CssH74MgN406 
Bacteriochlorophyll a 7,,1 

CSSH74N40S Pheophytina 7.26 

CS5H74N406 Bacteriopheophytin b 7.33 

C5sH76N406 Bacteriopheophytin a 7.32 

CS6H73NSOgS2 
ml44 11.30 

CS6HgONNi012S4 
Dis [1 ,2-di (3~4,5-trimethoxypheny 1 )-1,2-

C56IIS4Ni04S2 

ethanedithionato ]nickelate(1), tetrabu
tylammonium salt 12.77 

Bis(2,2'-thiobis[4-(l,1,3,3-
tetramethylbutyl)phenolato ]nickel(II) 
12.116 

C56H96Ni04Pd 
Bis[2' -hydroxy-4'-tert-

C57HnMgN40s 

huty loctadecanophenone 
oximato]palladium(1l) 12.91 

4-Vinylprotochlorophyll 7.34 
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CS7H74N405 4-Vinylprotopheophytin 7.35 

C60 Fullerene-C60 17.32 

Dodecapreno- ~-carotene 2.358 

2,11,20,29-Tetra-tert-buty Inaphthalocyanine 
7.22 

C64H80NsOs 1,4,8,11,15-,18,22,25-
Octabutoxyphthalocyanlne 7.42 

C66H62AIN 80Si 
Bis( tri-n-hexy loxysilox y y .. 2,3-

uapI! thalm.:: y uninalual uuun UJU 7.24 

C66H62GaN 80Si 
Bis(tri-n-hexyloxysiloxy)-2,3-

naphthalocyaninatogaIlium 7.25 

C70 Fullerene-C70 17.33 

Cn H 41 AIN sO 
[1,10,19,28-Tetrapheny lnaphthalocyanine]

hydroxyaluminum(III) 7.23 

CnHS6Ns02Si3 
Bis(triisobutylsiloxy)silicon 2,3-

naphthalocyanine 7.20 

C74H66N 80 2Si3 

C76H70NSOlO 

Bis(tribenzy Isiloxy )silicon phthalocyanine 
7.40 

Mesoporphyrin di[4-
(dipheny Imethy larninocarbony 1-2-
nitrophenylmethyl] ester 7.83 

C80HS9NsOSPd 
1,6,10,15,19,24,28,33-

OctabutoxynaphthalocyaninatopaIladium(II) 
7.21 

Cs4H 102N S02Si2Sn 
Bis(tri-n-hexyloxysiloxy)-2,3-

naphlhalm.:yaniJlatuLin 7.19 

CS4H102NS02Si3 
Bis(tri-n-hexyloxysiloxy)-2,3-

naphthalocyaninatosilicon 7. 18 

CSSH103N4Ni012S4 
Bis[l ,2-di(3,4,5-trimethoxyphenyl)-1 ,2-

CS8HS6Pe2NSO 

ethanedithionato ]nickelate(I), 4-[ 1 ,5,5-
tri( 4-diethylaminophenyl)
pentadienylidene ]anilinium salt 12.78 

1l-0xobis[5, 1 0, 15,20-
tetraphenylporphinatoiron(II)] 7.69 

C90H74NS02Si3 
Bis(tribenzylsiloxy)silicon 2,3-

naphthalocyanine 7. 17 

cr- Chloride ion 14.5 

C12Co.6H20 Cobalt(II) chloride hexahydrate 12.127 

C12Mn.6H20 Manganese(II) chloride hexahydrate 12.151 

C12Mn.4H20 Manganese(II) chloride tetrahydrate 12.152 

C12Ni 

C12Ni.6H20 

Co2+ 

COH18N6
3+ 

Cu2+ 

DO

D20 2 

HN3 

H4N2 

r 
12 

NH3 
N02-

N
3
-

Ni+ 

°2 18
02 

°2-

Nickel(II) dichloride 12.162 

Nickel(II) dichloride hexahydrate 12.163 

Cobalt(U) ion 12. 128 

Hexaamminecobalt(III) ion 12.145 

Copper(II) ion 12.129 

Hydroxide-d ion 14.8 

Deuterium peroxide 14.6 

Hydrogen azide 14.3 

HydrazlJJe hydrate 14.7 

Iodide ion 14.9 

Iodine 14.10 

Ammonia 14. 1 

Nitrite ion 14.11 

Azide ion 14.2 

Nicke1(l) ion 12.164 

Oxygen 14.12 

Oxygen-18 14.13 

Superoxide radical anion 14.14 
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14. Chemical Name index 

Entry numbers for Tables 2-17 are printed in bold faceJol..; 
lowing the names. Entry numbers are printed in smaller 
type, not bold, for entries in which the chemical species 
have been used as reference substrates and relative rates 
have been determined. For example, Acetone azine appears 
in Table 15 (entry 15.3) but rate constants for another sub
strate relative to kr for acetone azine are found in entry 2.40. 
There is no entry in the tables for 9-Acetyl-2;3,4,9-
letrahydrocarbazole but relative data are found in entries 
6.2,6.3,6.10,6.14,6.18 and 6.19. 

Al2 8.66 

A 31 8.64 

Abietic acid 2.325 

Acetaldehyde, (2,6-diphenylpyran-4-ylidene )-, dimethyl 
hydrazone 15.1 

Acetamide, N-{4-[[4-( diethylamino )-2-
methylphenyl]imino ]-4,5-dihydro-5-
oxo-l-( 4-bromopheny 1)pyrazol-3..;y 1]- 11.135 

Acetamide, N-[4~[[4.:.(diethylamino)-2-
methylphenyl]imino]-4,5-dihydro-S
oxo-1-(3-chlorophenyl)pyrazol-3-yl]- 11 .. 136 

Acetamide, N-[ 4-[[4-( diethy lamina)-~-
methylphenyl]imino ]-4,5-dihydro-5-
oxo-l-(4-chlorophenyl)pyrazol:'3-ylJ- 11.137 

Acetamide, N-[4-[[ 4-( diethy lamino)-2-
methylphenyl]imino]-4,S-dihydro-5-
oxo-l-(3-methoxyphenyl)pyrazol-3-yl]- 11.142 

Acetamide, N-[4-[[4-(diethylamino)-2~ 
methylphenyl]imino]-4,5-dihydro~5-

oxo-I-(3-methylphenyl)pyrazol-3-yl)- 11.143 

Acetamide, N-[4-[[4-(diethylamino)-2-
methy Ipheny 1] imino ]-4,5-dihydro-5-
oxo-l-( 4-nitrophenyl)pyrazol-3-yl]- 11.145 

Acetamide, N-[ 4-[[ 4..,( diethylamino )-2-
methylpheny 1 ]imino ]-4,5-dihydro-5-
oxo-l-phenylpyrazoI:'3~yl].:. 11.128 

Acetamide, N-[ 4~[[ 4-( diethy lamino)-2-
methy lpheny 1 Jimino ]-4,5-dihydro-~
oxo-l-(2,4,6-trichlorophenYl)pyrazol;.3-yl]- 11.146 

Acetatobis( acety lacetonato )manganese(III) 12.1 

Acetato(7, 12-diethy 1-3,8,13,17 -tetramethy Iporphine-2,18-
dipropanoato)ferrate(ill), dimethyl ester 7.74 

Acetatoiron(m) tetrapheny lporphyrin 7.47 

Acctato(5, 1 0, 15,20-tctraphenylporphinato )iron(ID) 7.47 

Acetato(5, 10,1 5,20-tetraphenylporphinato)manganese(ID) 
7~48 

Acetic acid 17.1 

2'-Acetonaphthone 3.1 

Acetone 17.2 

Acetone db 1'.3 

Acetone azine 15.3, 2.40 

Acetone oxime' 15.2 

Acetonitrile 17.4 
Acetonitrile-d3 17.5 

Acetophenone 3.2 

Acetophenone. 4' -hydroxy- 4.93 

N-(2-Acetoxyethy 1)-2,2,6,6-tetramethy Ipiperidine 8.69 
2-Acetoxy-3-methyl-2-cyc1openten-l-one 2.163 

3-Acetoxy-2-methyl-2-cyc1opet:tten-l-one 2.164 

Acetoxymethylideneadamantane 2.2 

Acetoxymethylidenecyclohexane 2.111 

4-Acetoxymethy 1-2-(phenylmethy l)furan 5.75 
N-Acetylcysteine, negative ion 13.70 

N-Acetyl-L-cysteine 13.69 

4-Acetyl-2,6-di-tert-butylphenol 4.94 

5-AcetyI-3,4-dihydro-6-methylpyran 5.88 
Acety lene, 1 ,2-bis( diethy lamino) 8.30 
Acetylene, 1-( diethy lamino )-2-methy 1-8.87 
2-Acetylfuran 5.15 

N-Acetyl-2,3,4,4a,5,9b~hexahydro· 2,8-dimethylpyrido[4,3-
b lindole' 6.57 -

2-Acetylnaphthalene 3.1 

3-Acetyloxy-1,3,S(10),9(11 )-estratetraen~ 17~one 16.29 

4-Acetylphenol 4.93 

4-Acetylphenoxide ion 4.151 

N-Acetylstobadine 6.57 

9-Acetyl-2,3,4,9-tetrahydrocarbazole 6.2, 6.3, 6.10, 6.14, 
6.18,6.19 

N-Acetyltryptophan 10.37 
N-Acetyl-L-tryptophanamide 10.44 

N-Acetyltryptophan methyl ester 10.38 

N-Acetyl-L~tyrosine, ethyl ester 4.188 
Acridine,3,6-diamino- 11.1 

1,8-Acridinedione, 3,4,6,7,9,1 O-hexahydro-3,3,6,6-
tetramethyl- 6.1 

Acridinium,3,6-diamino-l0-methyl- 11.2 

Acriflavine cation 11.2 

Acrolein -2.1 

Adamantane, 2-(hydroxymethylene)-, acetate 2.2 

Adamanty lideneadamantane2.356, 13.112 

l-Adamantylideneethyl acetate 2.220 

AdamantyHdenemethyl acetate 2.256,2.126 

endo~ 7 -Adamantylidenenorbornane-2,3-dicarboxy lie acid 
anhydride 2.15 

exo-7 -Adamanty lidenenorbornane-2,3-dicarboxylic acid 
anhydride 2.16 

Adenine 16.63 

Adenosine 16.1 

Adenosine monophosphate 16.2 

Adenosine 5' ·monophosphate 16.2 

Adenosine triphQsphate 16.3 

Adenosine triphosphate, ester with I-j3-D-ribofuranosyl-3-
pyridinecarboxamide 16.50 

5' -Adenylic acid 16.2 

_. Dh,,1C.' I"h ........ - D ... , no!!>+... \I",I·.,It tJ,.. ? 1 oar:;: 
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Adrenaline 4.9 

Adriamycin 4.80 

Alanine 10.1 

~-Alanine 10.2 
j3-AJanine, L-histidyl- 1U.3 

L-Alanine, glycyl-L-tyrosyl- 4.1 

~-Alanyl-L-histidine 10.24 
~-Alanyl-l-methylhistidine 10.25 
L-Alanyl-L-tryptophan 10.39 

Albumin 10.4 
Alloocimine 2.285 
Allylthiourea 13.175 

N-Allylurea 17.78 

Aluminum, tetranaphtho[2,3-b:2',3'·g:2",3/-1:2",3/-
q ]porphyrazinatobis(trihexy lsilanolato)- 7.24 

Aluminum(ll) chloro(5.10,15.20-tetraphenylporphyrin) 
7.61 

Aluminum(Ill) hydroxy[1,10,19,28-
tetraphenylnaphthalocyanine] 7.23 

l-Aminoanthraquinone 11.3 

2-Aminoanthraquinone 11.4 
1-( 4-Aminocarbonylphenylazo )-3-(2-

methox ypheny laminocarbony 1)-2-naphthol 11.79 

Aminocercosporin 16.54 
5-Amino-2,3-dihydro-l ,4-phthalazinedione 9.33 

2-AminoethanethioI 13.93 

3-(2-Aminoethy I )indole 10.34 
p-(2-Aminoethyl)phenol 4.186 

l-Amino-4-hydroxyanthraquinone 11.5 

2-Amino-2-(hydroxymethyl)-1,3-propanediol 17.59 

3-Amino-2-hydroxypropancthiol 13.131 

2-Amino-6-hydroxypurine 16.35 

l-Amino-2-methylanthraquinone 11.6 

a-(Aminomethyl)-3,4-dihydroxybenzyl alcohol 4.6 
4-(Aminomethylene)-3-methyl-l-phenyl-2-pyrazoline-5-

selone 13.141 

4-(Aminomethylene )-3-methyl-l-phenyl-2-pyrazoline-5-
thione 13.142 

2-A.mino-4-(methy Ithio )butanoic acid 13.108, 4.30, 4.76, 
4.82,4.152,4.1[;3,4.1[;7,4.1[;8,4.100,4.105,4.166,4.168, 

4.180,4.181,4.182,4.187,4.189, 10.21, 10.36, 10.41 

2-Aminonaphthalene 9.24 
4-Aminophenol 4.95 

l-(p-Aminophenylazo )-2-naphthol 11.93 
4-( 4'-Aminophenyl)imino-3-methyl-l-phenyl-2-pyrazolin-

5-one 11.133 

3-Aminophthalhydrazide 9.33 
l-Aminopropane 8.84 

2-[(3-Aminopropyl)amino]ethanethiol 13.94 

N -(3-Aminopropy 1 )-1,4-butanediamine 8.10 

6-Aminopurine 16.63 
4-Amino-2-pyrimidinone 16.20 

N-[3-(Aminosulfonyl)phenyl]-3-[(3-cyano-5-hydroxy- I 

phenylpyrazol-4-yl)azo]- 4-
methoxybenzenesulfonamide 11.21, 11.22, 11.23, ' 
11.25, 11.155 

4-(4'-Amino-2',3',5 /,6'-tetramethylphenyl)imino-3-mclll' 
I-phenyI-2-pyrazolin-5-one 11.134 

4-Amino-2,2,6,6-tetramethylpiperidine 8.54 

4 -Amino-2,2,6,6-tetramethy lpiperidine-N-oxy 1 15.29 

Ammine[2,2' -thiobis[ 4-( 1,1,3,3-
tetramethylbutyl)]phenolato ] nickel (ll) 12.2 

Ammonia 14.1 

Amylene 2.56,2.122,2.161,2.307,2.309,2.310,3.110,15;' 

15.13, 15.14, 15.15 

4-Androsten-3-one, 17-hydroxy-4-methyl- 16.4 
Androst-5-en-17-one, 3-(acetyloxy)- (313) 16.5 
Anethole 3.116 
Augdidu 5.1 

Aniline 9.1 
Aniline, 4-bromo-N ,N-dimethyl- 9.2 
Aniline,3-chloro-N,N-dimethyl- 9.3 

Aniline, 4-chloro-N ,N-dimethyl- 9.4 

Aniline, 3,4-dimethoxy-N,N-dimethyl- 9.5 

Aniline, N,N-dimethyl- 9.6 

Aniline, N,N-dimethyl-4-nitroso- 9.7 

Aniline, 4-( 1 ,2-dimethyl-l-propenyl)-N ,N-dimethyl- 3.11 f 

Aniline, N ,N-diphenyl- 9.8 

Aniline,4-(ethoxycarbonyl)- 9.9 

Anmne, 4-formyl-N,N-dimethyl- 9.10 
Aniline,2-methoxy-N,N-dimethyl- 9.11 

Aniline,3-methoxy-N,N-dirnethyl- 9.12 

Aniline,4-methoxy-N,N-dimethyl- 9.13 

Aniline, N-methyl- 9.14 

Aniline, N ,N,2,4,6-pentamethyl- 9.15 
Aniline, N-phenyl- 9.16 

Aniline, N,N,2,4-tetramethyl- 9.17 

Aniline, 4-( 1,1 ,3,3-tetramethylbuty 1 )-N- [4-( 1,1,3,3-
tetramethylbutyl)phenyl]- 9.18 

Aniline, N,N,4-trimethyl- 9.19 
Aniline[2,2' -thiobis[ 4-( 1,1,3,3-

tetramethy lbuty 1) ]phenolato ]nickel(II) 12.3 

m-Anilinophenol 4.142 

Anisole 3.43 

Anisole,2,6-dlchloro- 3.37 

Anisole, 4-(methylthio)- 13.22 

2-Anisyl-3-methyl-2-butene 3.118,3.115,3.123 

l-Anisyl-l-propene 3.116 

Anserine 10.25 

Anthracenamine, N-methyl-9,lO-diphenyl- 9.20 

Anthracene 3.3,3.23, 3.61, 3.77, 4.61, 4.102, 6.8, 6.15, 6.16, 
6.24, 6.25, 6.27 

Anthracene, l-chloro- 3.4 

Anthracene, 9-chloro- 3.5 
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Anthracene, l-chloro-9, 1 O-dipheny 1- 3.6 

Anthracene, 9,lO-dichloro- 3.' 
Anthracene,9,lO-dimethoxy- 3.8 
Anthracene, 1,4-dimethoxy-9,lO-diphenyl- 3.9 

Anthracene,9,lO-dimethyl- 3.10,3.124,3.125,4.1,4.10,4.11, 

4.12,4.20,4.153,4.154,4.157,4.159,4.160,4.162,4.165, 

4.166,4.168,4.175,4.176,4.180,4.181,4.182, 11.16, 11.17, 

11.60,11.62,11.63,11.77,11.79,11.80,11.90,11.92, 

11.101,11.103,11.104,12.28,12.123,13.175 

Anthracene, 9,lO-diphenyl- 3.11~ 4.50, 11.78, 11.128, 11.129, 

11. 130, 11. 135, 11. 136, 11. 137, 11. 142, 11. 143, 11. 144, 

11.145,11.146,11.147,13.76 

Anthracene,9-methoxy- 3.12 

Anthracene,9-methyl- 3.13 

Anthracene, N-Methylamino-9,10-diphenyl- 9.20 

Anthracene, 9-phenyl- 3.14 

Anthracene-9-carboxylate ion 3.21 
9,IO-Anthracenediethanesulfonate ion 3.15, 12.143, 12.167, 

12.169 

9, 1 O-Anthracenedipropionate ion 3.16 
1,5-Anthracenedisulfonate ion 3.17 

Anthracene-9,1 O-diyldiethyl disulfonate ion 3.15, 12.143, 

12.167, 12.169 

l-Anthracenesulfonate ion 3.18 

2-Anthracenesulfonate ion 3.19 

Anthra[ 1 ,9-bc:4, 1 O-b' c']dichromene 3.20 

Anthralin 4.2 
Anthralin conjugate base 4.3 
9,lO-Anthraquinone,1-amino- 11.3 

9,lO-Anthraquinone,2-amino- 11.4 

9,lO-Anthraquinone, l-amino-4-hydroxy- 11.5 
9,lO-Anthraquinone,1-amino-2-methyl- 11.6 
9,lO-Anthraquinone, l,4-bis(methylamino)- 11.7 

9,lO-Anthraquinone, 1,2-diamino- 11.3, 11.4, 11.5, 11.8, 11.9, 
11. 10, 11. 11, 11. 13, 11. 14 

9,lO-Anthraquinone, l,4-diamino- 11.8 

9,lO-Anthraquinone,1,5-diamino- 11.9 
9,10-Antluaquillonc,1,8-diamino- 11.10 

9,lO-Anthraquinone,2,6-diamino- 11.11 

9,lO-Anthraquinone, 1,5-diaminobromo-4,8-dihydroxy-
11.12 

9,lO-Anthraquinone,1,4-diamino-2-methoxy- 11.13 

9,IO-Anthraquinone, 1,4,5,8-tetraamino- 11.14 

9-Anthroate ion 3.21 

Anthrone, 1,8-dihydroxy- 4.2 

Anthrone, 1,8-dihydroxy-, conjugate base 4.3 

8' -Apo-~,'P-carotenol 2.86 

Aposuperoxide dismutase 10.5 

Aqua[2,2' -thiobis(3,4-dimethy Iphenolato) ]nickel(H) 12.4 

Aqua[2,2' -thiobis[ 4-( 1,1,3,3-
tetramethylbuty l)]phenolato ]nickel(II) 12.5 

Arachidic acid 17.27 

Arachidonic acid 2.212 

Arginine 10.6 

Ascorbate ion 16.6 

Astaxanthin 2.82 

ATCC 9760 10.30 

ATEE 4.188 
5,6,6a,7-Tetrahydro-l,lO-dimethoxy-6-

me thy Idi benzo [de,g ] quinoline-2,9-diol 8.20 

5 ,6,6a, 7 -Tetrahydro-l ,2,9,1 O-tetramethoxy-6-
methyldibenzo [de,g ]quinoline-2,9-diol 8.21 

Atropine 8.1 

Auranofin 12.170 

l-Azabicyclo[2.2.2]octane 8.97 
8-AzabicycJo[3.2.1]octan-3-o1, R-methyl-, a-

(hydroxymethyl)benzeneacetate 8.1 
Azepine-l-carbodithioic acid, hexahydro-, ion( 1-) 13.1 

Azide ion 14.2, 8.77 

4-Azido-2,2,6,6-tetramethylpiperidin-l-oxyl 15.30 

Azirino[2',3':3,4]pyrrolo[1,2-a]indole-4,7-dione,6-amino-
8-[[(aminocarbonyl)oxy]methyl]-1,la,2,8,8a,8b
hexahydro-8a-methoxy-5-methy 1- 16.7 

Azobenzene 11.57 

Azobenzene,4-[N-(2-cyanoethyl)-N-ethylamino]- 11.51 

Azobenzene, 4-[N-(2-cyanoethyl)-N-ethylamino ]-4'-
methoxy- 11.50 

Azobenzene,4-(diethylamino)- 11.56, 11.53, 11.90, 11.102 

Azobenzene, 4-(diethylamino)-2',4' -dinitro- 11.52 
Azobenzene, 4-( diethylamino )-4'-methoxy- 11.53 

Azobenzene, 4-(diethylamino)-3'-nitro- 11.54 

Azobenzene, 4-(diethylamino)-4'-nitro- 11.55 
Azobenzene, 4-[N-ethyl-N-(2-hydroxyethyl)amino]-4'-

methoxy- 11.58 

Azobenzene,4-nitro- 11.61 

Azo dioxide 6 15.20 
Azo dye 10 17.27,71.22,71.23,17.24,17.25,77.155 

Bacteriochlorin, tetraphenyl- (trans) 7.54 

Bacteriochlorophyll a 7.1 
Bacteriochlorophyll b 7.2 
Bacteriopheophytin a 7.32 
Bacteriopheophytin b 7.33 

Basic Violet 3 11.44 
Behenic acid 17.22 

Benzaldehyde, 4-diethylamino-, diphenylhydrazone 15.4 
Benzaldehyde, 4-( dimethylamino)- 9.10 

Benzamide,4-(bromomethyl)-N-(diphenylmethyl)- 3.22 
Benzamide, N-[ 4-[[ 4-( diethylamino )-2,6-

dimethy Iphenyl] imino ]-4,5-dihydro-5-
oxo-l-phenyl-l-pyrazol-3-yl':' 11.138 

Benzamide, 4-[3-(2-methoxypheny laminocarbony 1)-2-
hydroxy-l-naphthylJ- 11.79 

Benzamide, 2-(methylseleno)-N-phenyl- 13.2 

Benzamide, 2-(methylthio)-N-phenyl- 13.3 

J. Phvs. Chern. Ref. Data. Vol. 24. No.2. 1995 
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Benzamide, N-phenyl~2-(phenylmethyl)seleno- 13.4 

Benzamide, N-phenyl-2-(phenylmethyl)tl?io- 13.5 

I,2-Benzanthracene 3.23 
2,3-Benzanthracene 3.124,3.12, 7.53, 8.72, 8.77, 9.18, 15.46 

Benz[a]anthracene 3.23 

Benz{a] anthracene,. 9,10-dimethyl- 3.24,3.124,3.125 

Benz[b]anthracene 3.124,3.12,7.53, B.72, B.77, 9.18, 15.46 

Benz[de]anthracen-7-one 3.25· 
Benzanthrone 3.25 
Benzenamine, N,N-dimethyl-4-(methylthio)- 13.6 

Benzenamine, 4-( 1 ,2-dimethyl-l-propenyl)-N ,N-dimethyl-
3.115 

Benzenamine, N-(diphenylmethylene)-, N-oxide 15.5 

Benzenamine, N-fluoren-9-ylidene, N-oxide 15.6 

Benzenamine, N-[(2-hydroxypheny1)methylene]-, N-oxide 
15.7 

Benzenamine, 4-methy 1-N-(phenylmethy lene )-, N-oxide 
15.8 

Benzenamine, N-[(4-methylpheny])methy]ene]-, N-oxide 
15.9 

Benzenamine, N-(phenylmethylene)-, N-oxide 15.10 

BellL~mllnille, 4-(1 ,1,3,3-tetramethylbutyl)-N-[4-(1,1 ,3,3-
tetramethylbuty1)phenyl]- 9.18 

Benzene 3.26 
Benzene-d6 3.27 

Benzene, I-benzyl-2-hydroxy- 4.98 

Benzene, 1,5-bis(1,I-dimethylethyl)-2,4-dimethoxy- 3.28 

Benzene, 1 ,3-bis(1 ,1-dimcthy1cthyl)-2-mcthoxy-5-methyl-

3.29 

Benzene, bromo- 3.30 
Benzene, I-bromo-4-( diazopheny ]methy])- 11.15 

Benzene, I-bromo-4-(dimethylamino)- 9.2 

Benzene, I-bromo-4-(methylthio)- 13.7 

Benzene, 1,1' (1,3 butadiene-l,"'-diyl)bis(4-methoxy- 2.3S 

Benzene, (2-butenylsulfinyl)- (E) 13.54 

Benzene, (2-butenylsulfinyl) (2) 13.55 

Benzene, (buty Ithio)- 13.8 

Benzene, 1-(butylthio)-3-chloro- 13.9 

Benzene, 1-{butylthio)-4-chloro- 13.10 

Benzene, l-(butylthio)-4-fluoro- 13.11 

Benzene, l-(butylthio )-4-methoxy- 13.12 
Benzene, 1-(butylthio)-4-methyl- 13.13 
Benzene, chloro- 3.31 

Benzene, l-chloro-4-(butylthio)- 13.10 

Benzene, 2-chloro-I,4-dimethoxy- 3.32 

Benzene, 5-chloro-l ,3-dimethoxy - 3.33 

Benzene, ] -chloro-3-(1 ,2-dimethyl-l-propeny 1)- 3.109 

Benzene, l-chloro-4-( 1 ,2-dimethyl-l-propenyl)- 3.110, 
3.121,3.122 

Benzene, I-chloro-2-methoxy- 3.34 

Benzene, l-chloro-3-(methylthio)- 13.14 

Benzene, l-chloro-4-(methylthio)- 13.15 

Benzene, I -chloro-4-(phenylthio)- 13.16 

Benzene, (l-cyclopropyl-2-methyl)propenyl- 3.113 

Benzene,l,l'-(diazomethyJene)bis- 11.16, 11.15, 11.17, 
11.18,11.20 

Benzene, 1,l'-(diazomethylene)bis(4-chloro- 11.17 

Benzene, 1, I' -( diazomethy lene )bis( 4-methy 1- 11.18 
Benzene,1,l'-(diazomethylene)bis[2,4,6-trimethyl- 11.1" 

Benzene, 1,3-dichloro- 3.35 

Benzene, 1 A-dichloro- 3.36 
Benzene, 2,6-dichloro-l-methoxy- 3.37 
Benzene, 1,4-dihydroxy-2-methyl- 4.29 

Benzene, I,2-dimethoxy- 3.38 

Benzene, 1,3-dimethoxy- 3.39 

Benzene, l,4-dimethoxy- 3.40 

Benzene, 1, I' -(1 ,2-dimethoxy-l ,2-ethenediyl)bis- 3.101 
Benzene, [(2,3-dimethyl-2-butenyl)thio)- 13.17 

Benzene, [(2,3-dimethyl-2-butenyl)thio]-4-methoxy- 0.1' 

Benzene, [(2,3-dimethyl-2-butenyl)thio ]-4-rnethyl- 13. J I) 

Benzene, 1,1'-(1 ,2-dimethyl-l ,2-ethenediyl)bis-, (E)-
3.102,3.103 

Benzene, 1,l'-(l,2-dimethyl-l,2-ethenediyl)bis-, (2)- 3.10' 

Benzene, 1-(1, I-dimethylethyl)-4-(methylthio)- 13.20 

Benzene, (1,2-dimethyl-l-propenyl)- 3.123,2.96 
Benzene, 1-( 1 ,2-dimethyl-I-propeny 1)-3-methoxy- 3.117 

Benzene, 1-( 1 ,2-dimethy l-I-propenyl)-4-methoxy- 3.11 X, 

3.115,3.123 

Benzene, 1-0,2-dimethyl-l-propenyl)-3-methyl- 3.12] 
.Henzene, 1-( 1 ,2-dimethyI-l-propenyl)-4-methyl- 3.122, 

3. 109, 3. 111, 3. 112, 3. 117, 3. 118, 3. 123 

Benzene, 1,l'-ethenediylbis[4-methoxy- 3.100 

Benzene, 1, l'-ethenylidenebis[4-methoxy- 3.100 

Benzene, ethyl- 3.41 

Benzene, I-fluoro-4-(butylthio)- 13.11 
Benzene, l-fluoro-4-(methylthio)- 13.21 

Benzene, hexamethoxy- 3.42 
Benzene, methoxy- 3.43 

Benzene, I-methoxy-4-(butylthio)- 13.12 

Benzene~ I-methoxy-4-(diazophenylmethyl)- 11.20 

Benzene, l-methoxy-4-(methylthio)- 13.22 
Benzene, j-methoxy-2-nitro- 3.44 

Benzene, I-methoxy-4-(pheny Ithio)- 13.23 

Benzene,1-methoxy-4-(1-propenyl)- 3.116 

Benzene, (3-methyl-2-butenyl)- 3.45 

Benzene, [(3-methyl-2-butenyl)sulfinyl] 13.53 

Benzene, I-methyl-4-(butylthio)- 13.13 

Benzene, 1.1'-(1-methyl-l,2-ethenediyl)bis-, (E)- 3.104 

Benzene, 1,l'-(1-methyl-l,2-ethenediyl)bis-, (2)- 3.105 

Benzene, I-methyl-3-(methyIthio)- 13.24 

Benzene, I-methyl-4-(methylthio)- 13.25 

Benzene, l-methyl-4-(phenylthio)- 13.26 

Benzene, (2-methyl-l-propeny1)- 3.114 
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Benzene, 1,1'-(2-methyl-l-propeny lidene )bis- 3.46 
Benzene, [(2-methyl-2-propenyI)sulfinyI] 2.338 

Benzene, methylseleno- 13.27 
Benzene, methyltelluro- 13.28 
Benzene, (methylthio)- 13.29 
Benzene, [(methylthio)methyl]- 13.30 

Benzene, nitro- 3.47· 

Benzene, I-nitro-4-(pheny lthio)- 13.31 
Benzene, 1,3-pentadienyl-, (E,E)- 2.301 

Benzene,2,4-pentadienyl- 2.43 
Benzene, pentamethoxy- 3.48 
Benzene, [(phenylmethyl)seleno]- 13.32 

Benzene, [(phenylmethyl)thio]- 13.33 
Benzene, I-propenyh, (E)- 3.119 

Benzene, I-propenyl-, (2)- 3.120 

Benzene, 1,2,3,4-tetramethoxy- 3.49 
Benzene, 1,2,3,5-tetramethoxy- 3.50 

Benzene, 1,2,4,5-tetramethoxy- 3.51, 3.42, 3.48, 3.50 

Benzene, 1,1' -thiobis- 13.34, 13;16, 13.23, 13.26, 13.31 

Benzene, 1,2,3-trimethoxy- 3.52 
Benzene, 1,2,4-trimethoxy- 3.53,3.51 

Benzene,1,3,5-trimethoxy- 3.54 
Benzeneacetic acid, a-hydroxy-, 1,2,2,6-tetramethyl-4-

piperidinylester8.76 
Benzeneacetic· acid, a-(hydroxymethy 1)-8-methyl-8-

azabicyc1o[3.2.1]oct-3-yl ester 8.1 

Benzenecarbothioamide, 4-methoxy- 13.154 
Benzenedecanoic acid; 4,4'-(4, 7-dihydro-5,6-dimethyl-l ,3-

isobenzofurandiyl)bis-, dianion 5.81 

1,2-Benzenediamine9 .25 
l,4-Benzenediamine, Jtr-(6-amino-3':'phenylpyrazolo[5,1-

c]-1,2,4-triazol-7-ylidene)-N1 N 1-diethyl-3-methyl-
11.21 

1,4-Benzenediamine, N-cyc1ohexyl-N' -phenyl- 9.28 
l,4-Benzenediamine, N1 ,N1-diethyl-3-methyl-~-(6-

methyl-3-phenylpyrazolo[5, 1:. 
c]-1,2,4-triazol-7-ylidene)- 11.22 

1 ,4-Benzenediamine,N1 ,Nl-diethy 1-3-methyl-~ -[ 6-
(phenylamino)-3-phenylpyrazolo[5,1-
c]-1,2,4-triazol-7-ylideneJ- 11.23 

1,4-Benzenediamine, Nl,Nl-diethyl-3-methYl-~-(3-
phenylpyrazolo[5,1-c]-1,2,4-triazol-7-ylidene)- 11.24 

l,4-Benzenediamine, Nt ,Nl-diethyl-3-methyl-~-[3-
phenyl-6-(2-
thienyl)pyrazolo[5,I-c ]-1 ,2,4-triazol.., 7-ylidene]-
11.25 

1 ,4-Benzenediamine, N-{l-methylethyl)-N' -phenyl- 9.30 
. 1 ,4-Benzenediamine, N,N,N' /V' -tetramethyl.. 9.31 

1,2-Benzenediol 4.4 
1,2-Benzenediol, 4-(2-aminoethyl)- 4.5 

1,2-Benzenediol,4-(2-amino-l-hydroxyethyl)- 4.6 

1,2-Benzenediol,3,5-di-(l,1-dimethylethyl)- 4.7 
1,2-Benzenediol,4-(1,1-dimethylethyl)- 4.8 

1,2-Benzenediol, 4-(2-methylamino-l-hydroxy)ethyl- 4.9 
1,3-Benzenediol 4.10 
1,3-Benzenediol,4-chloro- 4.11 

l,4-Benzenediol 4.12 

1,4-Benzenediol, 2,6-bis( 1, I-dimethylethyl)-, 4-propanoate 
4.15 

1,4-Benzenediol, chloro- 4.20 

1 ,4-Benzenediol, 2,5-di-tert-butyl- 4.14 
1 ,4-Benzenediol, 2,5-di(2,2-dimethylpropyl)- 4.16 
1 ,4-Benzenediol, 2,5-di-sec-dodecyl- 4.17 
1,4-Benzenediol, 2,5-di-sec-hexadecyl- 4.18 
1,4-Benzenediol,2,3-dimethoxy-5-methyl- 4.21 

1,4-Benzenediol,2,3-dimethyl- 4.22 
1,4-Benzenediol,2,5-dimethyl- 4.23 

1 ,4-Benzenediol, 2,6-dimethyl- 4.24 

1,4-Benzenediol,2,5-di-sec-octyl- 4.19 
lA-Benzenediul,2-(3,7,11,15,19,23-hexarnethyI-

2,6,lO,14,18,22-tetracosahexaenyl)-5,6-dimethoxy-3-
methyl- (all-E) 4.25 

1,4-Benzenediol, 2-(3-hydroxy -3,7,11,15-
tetramethylhexadecyl}·3,6-dimethyl-· 4.26 

1,4-Benzenediol, 2-(3-hydroxy-3,7,11,15-
tetramethy lhexadecy 1 )-5 ,6-dimethy 1- 4.27 

1,4-Benzenediol,2-(3';'hydroxy-3,7,11,15-
tetramethylhexadecyl)-3,5,6-trimethyl- 4.28 

1 A-Benzenediol 7 phenyl- 4.30 

l,4-Benzenediol, trimethyl- 4.31 

l,4-Benzenediol dianion 4.13 

1,3-Benzenedisulfonamide, N-[5-hydroxy-8-[[2-
(methylsulfonyl)-4-nitropheny l]azo ]-1-naphthalenyl-, 
conjugate base 11.85 

1 ,3-Benzenedisulfonamide, N-[5-hydroxy-8-[[2-
(methylsulfonyl)-4-nitrophenyl]azo]-1-naphthalenyl-, 
conjugate dibase 11.86 

Benzeneethanol, f\-phenyl-a.-pyrrolldinyl- . 8.2 

BenzenemethanaIIiine 8.5 

Benzenemethanamine, N-hydroxy-N-(pheny Imethyl)-
15.11 

Benzenemethanamine, N-(phenylmethylene )~, N-oxide 
15.12 

Hp.nzenemp.thanesnlfenamide, N,N-diethyl- 13.3S 

Benzenemethanol, 3,5-bis( 1, I-dimethylethyl)-4-hydroxy-
4.32 

Henzenemethanol, 0'.-(1, l-rlimethylethyl)-4-hyrlroxy-3-
methoxy- 4.127 

Benzenemethanol, a-metbyl- 3.55 

Benzenepropanamide, a-[[ (4 .. diethylaIIiino)-2,6-
dimethylphenyl]imino]-~-oxo-N-phenyl- 11.26 

Benzenepropanamide, a-[[ (4-diethylamino )-2-
methylpheny Dimino l-f3-oxo-N-phenyl- 11.27 

Benzenepropanamide, a-[[ (4-diethylamino )pheny 1] imino ]
~-oxo-N-phenyl- 11.28 

Benzenepropanamine 8.50 
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3-Benzenepropanoic acid, 3,5-bis( 1, I-dimethy lethy 1)-4-
hydroxy-, octadecyl ester 4.33 

3-Bepzenepropanoic acid, 4-hydroxy- 4.34 

Benzenesulfonarnide, N-[3-( arninosulfony 1 )pheny 1]-3-[(3-
cyano-5-hydroxy-l
phenylpyrazol-4-yl)azo]-4-methoxy- 11.21,11.22, 
11.23, 11.24, 11.25, 11. 155 

Benzenesulfonate ion, 2,2'-(1 ,2-ethenediyl)bis[5-
(acetylamino)- 3.106 

Benzenesulfonate ion, 2,2'-(1 ,2-ethenediyl)bis[5-amino-
3.107 

N-Benzhydry 1-4-bromomethylbenzamide 3.22 

cx-Benzhydrylfurfuryl alcohol 5.68 

Benzidine 9.23 

Benz[e]indolium, 2-[7-(1 ,3-dihydro-l ,1-dimethyl-3-
(sulfobuty1)benzI e ]indol-2-
ylidene]-l ,3,5-heptatrienyl]-1, I-dimethyl-3-(sulfobutyl)-, 
hydroxide, inner salt, Na salt 11.29 

Benz[e]indolium, 2-[2-[3-[[1,3-dihydro-l ,I-dimethyl- 3-(3-
sulfopropyl)benz[e]indol-2-ylidene]ethylidene]- 2-[4-
(ethoxycarbonyl)-l-piperidiny l]-l-cyclopenten-l
yl]ethenyl[ -1 ,1-dimethyl-3-(3-sulfopropyl)-, hydrox
ide, inner salt, compound with triethylamin 11.30 

1,2-Benzisoselenazol-3-one, 7 -chI oro-2-phenyl- 13.36 

1 ,2-Benzisoselenazol-3-one, 7-fluoro-2-phenyl- 13.37 

1,2-Benzisoselenazol-3-one, 7 -methoxy-2-phenyl- 13.38 

1 ,2-Benzisoselenazol-3-one, 7 -nitro-2-phenyl- 13.39 

1,2-Benzisoselenazol-3-one,2-phenyl 13.40 

1,2-Benzisothiazol-3-one,2-phenyl- 13.41 

Benzoate ion, 2-hydroxy- 4.35 

Benzo[ 1 ,3]cyc1opropa[ 1 ,2,3-cd]cyclopropa[gh ]pentalene, 
1 ,2,5,6,6a,6b,6c,6d-octahydro-l ,6-o-benzeno- 2.181 

Benzo[ 1,3 ]cyc1opropa[ 1 ,2,3-cd]cyclopropa[gh ]pentalene, 
1,2,5 ,6,6a,6h,6c ,6d-octahydro-9, 12-dimethoxy-l ,6-0-
benzeno- 2.180 

Benzo[ 1 ,2-h:4,3-b']dipyran, 1,2,3,8,9,1 O-hexahydro-
3,3,5,6,8,8-hexamethyI- 5.2 

Benzo[ 1 ,2-b:4,5-h']dipyran, 2,3,4,7 ,8,9-hexahydro-
2,2,5,7,7, 1 O-hexamethyI- 5.3 

Benzo[ 1 ,2,3-kl:4,5,6-k' l']dixanthene 3.56 

3,4-Benz.ufunm 5.80 

Benzo[ c ]furan 5.80 

Benzofuran-5-ol, 2,3-dihydro-2,2,4,6,7 -pentamethy 1- 4.36 
llenzo1uran-,-ol,2,3-dihydro-2,4,6,7-tetramethyl- 4.37 

Benzoic acid, 4-amino-, ethyl ester 9.9 

Benzoic acid, 3,5-bis(1, I-dimethylethyl)-4-hydroxy-, 2,4-
bis( 1, I-dimethylethyl)phenyl ester 4.38 

Benzoic acid, 3,5-bis(1 ,1-dimethylethyl)-4-hydroxy-, methyl 
ester 4.39 

Benzoic acid, 4-(dimethylamino)-, ethyl ester 9.21 

Benzoic acid, methyl ester 3.57 

Benzo[e ]naphtho[2',3' :5,6]fluoreno[1 ,9ab ]oxepin-5, 1 0, 19-
trione,5c,8,8a,16-tetrahydro-1,8,11,15,lB
pentahydroxy-13-methyl- 16.8 

Benzonitrile, 4-( dimethyl amino )- 9.22 

Benzonitrile, 3-(1,2-dimethyl-l-propenyI)- 3.111 

Benzonitrile, 4-( 1 ,2-dimethyl-1-propeny 1)- 3.112 

BenzonitriIe, 4-hydroxy- 4.112 

4-(2',3' -Benzo-4' -oxocyclohexadienyliden)amino;.N,N
diphenylaniline 11.82 

4-(2' ,3' -Benzo-4' -oxocyclohexadieny liden )amino-N
phenylaniline 11.84 

4-[2',3' -Benzo-4' -oxo-5' -(2-methoxy-5-
fl uorosulfony 1 )pheny l]amino-N ,N-diethy 1 aniline 
11.81 

B enzo [g hi]pery 1 ene-4, ll-dione, I-acety 1-1 ,2-dihydro-5 . I ! ' 
dihydroxy-2-(l-hydroxyethyl)-
3,7,8,12-tetramethoxy- 16.9 

Benzo[g hi]pery Iene-4, II-dione, 1 ,2-diacetyl-l ,2-dihydr< l 
5,10-dihydroxy-3,7,8,12-tetramethoxy-, trans- )lI.lp 

Benzophenone 3.58 

Benzophenone, 4-dodecyloxy-2-hydroxy- 4.42 

Benzophenone.2-hydroxy-4-octyloxy- 4.43 

Benzophenone oximate anion 15.13 

Benzophenone oxime 15.14 

Benzophenone oxime O-methyl ether 15.15 

I-Benzopyran, 3,4-dihydro-6-methoxy-2,5, 7 ,8-tetramet h)' J 

2-(4,8. 12-trimethyltridecyl)- 5.4 

l-Benzopyr~n> 6-ethoxy-3,4-clihydro-2,5,7,R-tetramethyl 
(4,8,12-trimethyltridecyl)- 5.5 

I-Benzopyran-2-carboxylic acid, 3,4-dihydro-6-hydroxy-
2,5,7,8-tetramethyl-, ion(l-) 4.44 

I-Benzopyran-6-ol,5,7-diethyl-3A-dihydro-2-methyl-2-
(4,8, 1 2-trimethyltridecyl)- 4.45 . 

I-Benzopyran-6-ol,3,4-dihydro-2,8-dimethyl-2-(4,8,12-
trimethyltridecyl)- 4.46 

I-Benzopyran-6-o1,3,4-dihydro-2-methyl-5,7-di(1-
methylethyl)-2-(4,8,12-trimethyltridecyl)- 4.47 

I-Benzopyran-6-ol,3,4-dihydro-l-methyl-1-(4,8,12-
trimethy 1 tri decy 1)- 4.48 

I-Benzopyran-6-ol, 3,4-dihydro-2,2,5,7,8-pentamethyl-
4.49 

I-Benzopyran-6-o1,3,4-dihydro-2,5,7,8-tetramethyl-2-
(4,8,I2-trimethyltridecyI)- 4.50 

I-Benzopyran-6-o1, 3,4-dihydro-2,5,7 ,~-tetramethyl-2-
(4,8,12-trimethyltridecyl)-, acetate 16.11 

I-Benzopyran-6-ol, 3,4-dihydro-2,5,7-trimethyl-2-( 4,8,J 2-
trimerhyltridecyl)- 4.51 

I-Benzopyran-6-o1, 3,4-dihydro-2,5,8-trimethyl-2-(4,8, 12-
trimethyltridecyl)- 4.52 

l-Benzopyran-6-o1, 3,4-dihydro-2,7 ,8-trimethyl-2-(4,8,1 2-

trimethyltridecyl)- 4.53 

I-Benzopyran-6-ol, 7-{1,I-dimethyiethyI)-3,4-dihydro-2,2-
dimctbyl- 4.54 

I-Benzopyran-6-o1, 7-(1,1-dimethylethyl)-3,4-dihydro-2-
methyl-2-(4,8,1 2-trimethyltridecyl)- 4.55 

I-Benzopyran-6-ol, 8-(1,I-dimethyiethyl)-3,4-dihydro-2-
methyI-2-(4,8,12-trimethyltridecyl)- 4.56 
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1-Benzopyran-6-ol, 2,2'-spirobis[7-tert-butyl-3,4-dihydro-
4,4-dimcthyl- 4.184 

I-Benzopyran·6-o1, 2,2'-spirohis[3,4-dihydro-4,4., 7-
trim ethyl- 4.185 . 

1-Benzopyran-4-one, 2-[3,4-bis(2-hydroxyethoxy )pheny 1]-
3-[ 6-0-( 6-deoxy-(X.-L-mannopyranosy 1- P-D
glycopyranosy l10xy ]-5-hydroxy-7 -(2-
hydroxyethoxy)- 4.57 

I-Benzopyran-4-one, 3-[[6-0-(6-deoxy-(X~ 
mannopyranosy1)-~-g]ucopyranosyl)oxy]-
2-(3,4-dihydroxyphenyl)-5,7-dihydroxy- 4.58 

1-Benzopyran-4-one, 3,7 -dihydroxy-2-(3,4-
dihydroxyphenyl)- 4.75 

1-Benzopyran-4-one, 2-(2,3-dihydroxypheny 1)-2,3-dihydro-
5,7-dihydroxy-, (S) 4.59 

I-Benzopyran-4-one, 2-(3,4-dihydroxyphenyl)-5, 7-
dihydroxy- 4.60 

I-Benzopyran-4-one, 2-(3,4-dihydroxyphenyl)-3,5, 7-
trihydroxy- 4.61 

I-Beniopyran:-4-one, 3-hydroxy-2~phenyl- 4.74 

1-Benzopyran-4~one, 5,6,7 ,8-tetramethoxy-2-( 4-
methoxyphenyl)- 4.62 

1-Benzopyran-4-one, 3,5,7 -trihydroxy-2,3-dihydro-2-(3,4-
dihydroxypheny 1)- 4.63 

1-Benzopyran-4-one,3,5,7-trihydroxy-2-(4-
hydroxypheny1)- 4.64 

l-Benzopyran-4-one,3,5,7-trihydroxy-2-phenyl- 4.65 
[1 ]Benzopyrano[ 6, 7 ,8~ij]quinolizin-l1-one, 2,3,6,7-

tetrahydrc;>- 8.3 
[l]Benzopyrano[6.7.8-ij]quinolizin-l1-one.2.3.6.7-

tetrahydro-9-methyl- ,8.4 

1-Benzopyran-2-propanoic acid, 3,4-dihydro-6-hydroxy-
2,5,7,8-tetramethy1- 4.66 

I-Benzopyran-3,5,7-triol,2-(3,4-dihydroxyphenyJ)-3,4-
dihydro- (2R-trans)- 4.67 

I-BenzopyryJium, 8-[5-(6,7-dihydro-2,4-diphenyl- 1-
benzopyran-8-yl)-2,4-pentadienylidene]- 5,6,7,8-
tetrahydro-2,4-diphenyl-, perchlorate 11.31 

1 A-Benzoquirione 16.12 
l,4-Benzoquinone, metllyl-,. 16.13 

Benzothiazolium,2-[[2-butoxy-3-[(3-ethyl-2-
benzothiazoly lidene )methy 1]-4-
oxo-2-cyclobuten-l-ylidene]methyl]-3-ethyl- 11.32 

BenzothlazoHum, 5-chloro-2-[2-[3-[( 5-chloro-3-ethy 1- 2-
benzothiazolylidene)ethylidene]-2-(diphenylamino)
l-cyclopenten-l-yl)ethenyl]-3-ethyl-, perchlorate 
11.33 

Benzothiazolium, 5-chloro-2-[(5-chloro-3-ethyl-2-
benzothiazolylidene)methyI]-1-butenyIJ-3-ethyl-, 
bromide 11.164 

Benzothiazo1jum, 5-chloro-2-[3-(5-chloro-3-
ethy Ibenzothiazo1 y lidene ]-l-propeny 1-3-ethy 1-, 
bromide 11.163 

Benzothiazolium, 2-P -(5-chloro-l ,3,3-trimethyl-2-
indolylidcnc )-1-( 1 ,3,S-hcptatricnyl)-3-mcthyl-, 
iodide 11.34 

Benzothiazoli urn, 5-cyano-2-[ (5-ey ano-3-ethy 1-2-
benzothiazolylidene)methyl]~1-buteny1]-3-ethyl-, 

tetrafluoroborate 11.165 

Benzothiazolium, 3-ethy 1-2-[(3-ethyl-2-
benzothiazolylidene)ethyl]-l-methylethenyl]-, 
toluenesulfonate 11.168 

Benzothiazolium, 3-ethyl-2-[7-(3-ethyl-2~ 
benzothiazolylidene)-1,3,5·heptatrienyl]-, iodide 
11.174 

Benzothiazolium,3-ethyl-2-[(3-ethyl-2-
benzothiazo1ylidene )methyl]-l ,;.buteny 1]-, bromide 
11.171 

Benzothiazolium,3-ethyl-2-(3-(3--ethyl-2-
benzothiazo1ylidene)methyl]-1-cyclopentenyl-, 
iodide 11.170 

Benzothiazolium, 3-ethy 1-2-[3-(3-ethyl-2-
benzothiazo]ylidene)methyl]-l.-cyclopenten-l-yl]-, 
toluenesulfonate 11.169 

Benzothiazolium, 3-ethyl-2-[S-:-(3-ethyl-2-
benzothi azo] y lidene )-1,3-pentadieny 1]-, iodide 
11.173 

Benzothiazolium, 3-ethyl-2-[3-(3-
ethy Ibenzothiazo1ylidene )-l-propenyl, toluenesul
fonate 11.166 

Benzothiazolium, 3-ethyl-2-[(3-ethyl-5-methoxy-2-
benzothiazoly lidene )methy l]-l-buteny 1]-5-methoxy-, 
toluenesulfonate 11.172 

Benzothiazolium, 3-cthyl-2-[3-(3-~~hyl-5-
methoxybenzothiazolylidene]-1-propenyl .. 5-methoxy-, 
toluenesulfonate 11.167 

Benzothiazolium, 2-[7 -(5-fluoro-l ,3,3-trimethy 1-2-
indolylidene)-1-(1,3,5-heptatrienyl)-3-methyl-, 
iodide 11.35 

Benzothiazoliurn, 2-[7 -(5-methoxy-l ,3,3-trimethyl-2-
indolylidene)-1-(1,3,5-heptatrienyl)-3-methyl-, 
iodide 11.36 

Benzothiazolium, 3-methyl-2·[7-(1,3,3-trimethyl-2-indol-2-
ylidene )-1 ,3,5-heptatrieny 1]-, iodide 11.37 

Benzothiazolium,2-[7-(1,3,3,5·tetramethyl-2-
indolylidene)-1-(1,3,5-heptatrienyl)-3-methyl-, 
iodide 11.38 

Benzotriazole, 2-(2'-hydroxy-3' -ehloro-5'-tert
butylphenyl)- 4.97 

Bt:nzulriazole,2-(2'-hydroxy-3',5'-di-Ien*pentylphenyl)-
4.96 

3-Benzoxazolepropanesulfonic acid, 2-[4-( 1 ,3~ 
_ dibuty ltetrahydro-4,6-dioxo-2-thioxo~5-
pyrimidinylidene)-2-butenylidene]." sodium salt 
11.39 -

Benzoxazolium.3-ethyl-2-(7-(3-ethyl-2-
benzoxazolylidene)-1,3,5-heptatrienyl)-, iodide 
11.109 

5-Benzoyl-3.4-dihydro-6-phenylpyran 5.89 

I D ..... e- ".. .......... D ... " not .. \/ ... 1. ');1 t.I..,,- ') iQQe: 
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3-Benzoyloxy-l ,3,5(1 O),9(11)-estratetraen-17-one 16.30 

4-[N-Benzoyl(phenylaminocarbonyl)methylene] amino-
N,N-diethylaniline 11.28 ' 

4-[N -Benzoy 1 (pheny laminocarbony 1 )methy lene ] amino... 
NN~diethyl-3,5-dimethylani1ine 11.26 

4- [N-Benzoy l(pheny laminocarbony 1 )methy lene ]amino-
N,N-diethyl-3-methylaniline 11.27 

Benzvalene 2.3 
Benzyl alcohol, a-(aminomethyl)-3,4-dihydroxy- 4.6 

Benzylamine 8.5 
Benzylamine, N-benzyl-N-hydroxy- 15.11 

2-Benzy 1-1 ,3-butadiene 2.43 

4-Benzyl-2,6-di-tert-butylphenol 4.104 

(l-Benzylfurfuryl alcohol 5.72 

p,p'-Benzylidenebis(N,N-dimethylaniline) 11.77 

Benzyl mercaptan 13.42 
Benzyl methyl sulfide 13.30 
4-Benzyloxy-5,6-dimethyl-2-(dimethylamino)pyrimidine 

16.65 

2-Benzylphenol 4.98 
2-Benzylphenoxide ion 4.152 

Benzyl phenyl selenide 13.32 
Benzyl phenyl sulfide 13.33 
2-(Benzylseleno )-N-phenyJbenzamide 13.4 
Benzyl sulfide 13.71 

Biadamantylidene 2.356, 13.112 

Bicyclo[2.2.1 ]hepta-2,5-diene 2.4 

Bicyclo[2.2.1 ]hepta-2,5-diene, 7,7 -dimethyl-2-
(trimethylsiloxy)- 2.5 

Bicyclo[2.2.l]hepta-2,5-diene,2-methyl- 2.6 

Bicyclo[2.2.1 ]hepta-2,5-diene, 2-( trimethy lsiloxy)- 2.7 

Bicyclo[2.2.1]heptane,2,3-bis(methylene)- 2.8,2.19,2.140, 

2.295, 2.296, 2.297, 2.357 

BicycIo[2.2.l]heptane,7,7-dimethyl-2-methylene- 2.9 

BicycIo[2.2.1 ]heptane, 2,3-dioxymethy 1-7-
tricyclo[3.3.1.1 3,7]decylidene- (exo,exo) 2.10 

Bicyclo[2.2.l]heptane,2-methylene- 2.11,2.9,2.13,2.14, 
2.21,2.23 

Bicyc1o[2.2.l]heptane, 2,3-(21-oxatrimethy]ene)-7-
tricyc1o[3.3.1.1 3,7]decylidene- (exo,exo) 2.12 

Bieyclo[2.2.l]hept~me-2-d, 3-methylene-, endo- 2.13 
Bicyclo[2.2.1]heptane-2-d, 3-methylene-, exo- 2.14 

Bicyclo[2.2.1 ]heptane-2,3-dicarboxy lic acid, 7-
tricyclo[3.3 .1.1 3,7]decylidene-, anhydride 
(endo,endo) 2.15 

Bicyc1o[2.2.1]heptane-2,3-dicarboxylic acid, 7-
trieyclo[3.3.1.1 3,7]decylidene-, anhydride (exo,exo) 
2.16 

Bieyclo[2.2.1]heptane-2,3-dicarboxylic acid, 7-
tricyclo[3.3.1.1 3.7]decylidene-, dimethyl ester 
(endo,endo) 2.17 

Bicyclo[2.2.1 ]heptane-2,3-dicarboxy lie acid, 7-
tricyclo[3.3.1. 13,7)decylidene-, dimethyl ester 
(exo,exo) 2.18 

Bicyclo[2.2.1 ]heptane-2-thione 13.43 
Bicyclo[2.2.1]hcptnnc-2-thionc,3,3-dimethyl- 13.44 

Bicyclo[2.2.1]heptane-2-thione,1,3,3,7,7-pentamethyl. 
13.45 

Bicyclo[2.2.l ]heptane-2-thione, 1,3,3-trimethyl- 13.4(, 

Bicyclo[2.2.1]heptane-2-thione, 1,7,7-trimethyl- 13.47 

Bicyclo[2.2.1 ]hept-2-ene, 5,6-bis(methylene)- 2.19 
Bicyclo[2.2.1]hept-2-ene, 7,7-dimethyl-2-(trimethylsilo;.,\ 

2.5, 2.7, 2.24 

Bicyc1o[2.2.1Jhept-2-ene,2-methoxy- 2.20 
Bkydu[2.2.1]hcpt-2-ene,2-methyl- 2.21,2.23 

Bieyclo[2.2.l]hept-2-ene,5-methylene- 2.22,2.6,2.11.;';' 
2.153 

Bicyclo[2.2.lJhept-2-ene,2,7,7-trimethyl- 2.23,2.9,2.11 

Bicyc1o[2.2.1]hept-2-ene,2-(trimethylsiloxy)- 2.24 

Bicyclo[3.1.1]hept-2-ene,2-ethenyl-6,6-dimethyl- 2.25 

Bicyclo[4.1.0]hept-2-ene, 3,7,7-trimethyl- 2.26 

Bicyclo[4.1.0]hept-2-ene,4,7,7-trimethyl- 2.27 

Bieyc1o[ 4.1.0]hept-3-ene~ 3,7,7-trimethyl- 2.28 
Bicyc1o[3.1.1]hept-3-ene-2-thione,4,6,6-trimethyl- 13.4H 

Bicyc1o[2.2.0]hexa-2,5-diene, hexamethyl- 2.29 

Bicyc1o[3.1.0]hex-2-ene,4-methyl-l-(1-methylethyl)-, 
(lR)- 2.30 

Bicyc1o[3.2.2]nonane,6,7-bis(methylene)- 2.31 

Bicyc1o[4.2.0Jocta-2A-diene,7,8-dibromo- 2.32 

Bieyc1o[2.2.2]octane,2,3-bis(methylene)- 2.33 
Bicyclo[7.2.0]undec-4-ene, 4,11,11-trimethyl-8-methylenc , 

[1R-(1R*,4E,9S*)]- 2.34 
Bicyclo[7.2.0]undec-4-ene, 4,11,11-trimethyl-8-methylenr . 

[1 R-( 1 R*,4Z,9S* )]- 2.34 

Bifluorenylidene 3.66 

9,9'-BifIuorenylidene 3.66 

2,3' -Biindolium, 1,1 ,3-trimethyl-2' -[2-( 1,3,3-
trimethylindolylidene)methyl]-, iodide 11.40 

Biline-1 ,19-dione, 3,8,12,17-tetraethyl-22,24-dihydro-
2,7,13,18-tetramethyl· 7.3 

Biline-l ,19-dione, 3,8,12,17-tetraethyl-lO,22,23,24-
lelrahydro-2,7,13,18-tetramethyl- 7.4 

Biline-8,12-dipropanoic acid, 2,17 -diethenyl-
1,lO,19,22,23,24-hexahydro-3,7,13,18-tetramethyl-
1,19-dioxo- 7.S, 3.60 

Biline-8,12-dipropanoic acid, 2,17-diethenyl-
1,1 0, 19,22,23,24-hexahydro-3,7 ,13, 18-tetramethyl-
1,19-dioxo-, dimethyl ester 7.6 

Biline-8,12-dipropanoic acid, 2,17-diethenyl-l,19,22,24-
tetrahydro-3,7,13,18-tetramethyl-l,19-dioxo- 7.7 

Biline-8.12-dipropanoic acid. 2.17-diethyl-
1,10,19,22,23 ,24-hexahydro-3, 7,13, 18-tetramethyl-
1,19-dioxo- 7.9 
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(15E)-Biline-8,12-dipropanoic acid, 2,17-diethenyl-
1,19,22,24-tetrahydro-3,7 ,13,18-tetramethyl-l ,19-
dioxo-, dimethyl ester 7.8 

Bilirubin 7.5, 3.60 

Bilirubin ditaurate 7.10 

Bilirubin IX 7.5,3.60 

Bilirubin IX dimethyl ester 7.6 

Biliverdin 7.7 

Biliverdin, dimethyl ester 7.8 

Biliverdin IX 7.7 

Bioresmethrin 5.76 
0,0' -Biphenol 4.128 
Biphenyl, 4,4' -diamino- 9.23 

Biphenyl, 2,2'-lljhydroxy- 4.128 

Biphenyl, 2,2'-dihydroxy-, conjugate base 4.166 

Biphenyl, 2,5-dihydroxy-, conjugate base 4.167 

Biphenyl, 2-hydroxy-, conjugate base 4.180 

Biphenyl, 4-hydroxy-, conjugate base 4.181 

Biphenyl, 2-methoxy- 3.59 
1,l'-Biphenyl-2,5-diol 4.30 

1,l'-Biphenyl-2-o1 4.141 

[1,l'-Biphenyl]-4-o1,2,6-bis(1,1-dimethylethyl)- 4.103 

l,l'-Bipiperidine 8.7 

1,1'-Bipyrrolidine 8.8 
Bis( acety lacetonato )acetatomanganese(III) 12.1 
Bis( acety lacetonato )chloroacetatomanganese(III) 12.6 

Bis(acety lacetonato )cobalt(lI) 12.7 

Bis( acety lacetonato )copper(II) 12.8 
Bis( acety lacetonato )manganese(III) 12.9 
Bis(acetylacetonato )nickel(II) 12.10 

Bis(acetylacetonato)nickel(lI) dihydrate 12.11 
Bis( acety lacetonato )trichloroacetatomanganese(III) 12.12 

Bis( acety lacetonato )zinc(II) 12.13 
N ,N1-Bis(3-arrrinopropy 1)-1 ,4-butanediamine B.11 

Bis(5-bromo-2-hydroxybenzaldehydato)nickel(II) dihy-
drate 12.14 

2,:5-Bis(4-bromophenyl)furan 5.16 

Bis(2-butene-2,3-dithiolato )nickel(lI) 12.15 

Bis[ O-butyl-3,5-di-( 1, I-dimethylethyl)-4-
hydroxybenzylphosphonalO ]nkkd(n) 12.16 

Bis[2-[(buty limino )methy I ]-4-bromophenolato ]nickel(II) 
12.17 

Bis[2-[(butylimino)methyl]-4-methoxyphenolato)nickel(II) 
12.18 

Bis[2-[(butylimino)methyl]phenolato]nickel(II) 12.19 

Bis(4-tert-butylphenyl)nitroxide 15.26 

1,4-Bis( 4..,chloropheny 1)-1 ,3-cyc1opentadiene 2.141 

2,5-Bis( 4-chloropheny 1 )furan 5.17 
1,1-Bis(cyclobutyl)-2-methyl-l-propene 2.332 

3,4-Bis[(cyc1ohexylamino)methylene]dihydro-2,5-
thiophenedithione 13.169 

Bis[3-( cyc10hexy limino )methy 1] -5-ethy 1-2-
thiophenethionato ]cobalt(II) 12.20 

Bis[3-( cyc1ohexylimino )methyl]-5-ethyl-2-
thiophenethionato ] nickel (II) 12.21 

Bis[3-(cyclohexylimino)methyl]-5-ethyl-2-
thiophenethionato ]zinc(II) 12.23 

Bis[3-( cyclohexy limino )methyl]-5-ethyl-2-
thiophenonato ]copper(II) 12.22 

Bis[2-[ (cyc1ohexylimino )methyl]phenolato ]nickel(II) 
12.24 

1,l-Bis(cyclopropyl)-2-methyl-l-propene 2.334 

1,1-Bis(cyclopropyl)-1-propene 2.333 

Bis[I,2-di(2-bromophenyl)-1,2-ethenedithiolato]nickel(II) 
12.25 

Bis( dibutyldithiocarbamato )cobalt(II) 12.26 

B is( dibu ty 1 di thi ocarbamato )copper(II) 12.27 

Bis( dibuty Idithiocarbamato )nickel(II) 12.28 
Bis( dibuty ldithiocarbamato )zinc(II) 12.29 

Bis[0,O'-di-(4-tert-
butylphenyl)phosphorodithiolato]cobalt(II) 12.30 

Bis[ ° ,0' -di-( 4-tert
butylpheny1)phosphorodithiolato]copper(II) 12.31 

Bis[ 0,0' -di-( 4-tert-
buty I pheny 1 )phosphorodithiolato ]nickel(II) 12.32 

Bis[l ,2-di(2-chlorophenyl)-1 ,2-ethenedithiolato ]nickel(II) 
12.33 

Bis[1,2-di(4-chlorophenyl)-1,2-ethenedithiolato]nickel(II) 
12.34 

Bis( dicyc10hexy Iphosphinodithiolato )nickel(II) 12.35 
Bis( 0,0' -dicyclohexy lphosphorodithiolato )cobalt(II) 12.36 
Bis[ 1 ,2-di(2,4-dichlorophenyl)-1 ,2-

ethenedithiolato ]nickel(ll) 12.37 

Bis[ 1 ,2-di(3,4-dichlorophenyl)-1,2-
ethenedithiolato]nickel(II) 12.38 

Bis[1,2-di(dimethylaminophenyl)-1,2-
ethenedithiolato ]nickel(ll) 12.39 

1,2-Bis(diethylamino)acetylene 8.30 

Bis( diethy ldithiocarbamato )nickel(II) 12.40 
Bis[ 1 ,2-di( 4-ethy Iphenyl)-l ,2-ethenedithiolato ]cobalt(ll) 

12.41 

Bis[ 1 ,2-di( 4-ethylphenyl)-1 ,2-ethenedithiolato ]nickel(II) 
12.42 

Bis[ 1 ,2-di( 4-ethy lphenyl)-l ,2-
ethenedithiolato ]platinum(II) 12.43 

Bis( 0 ,0' -diethylphosphorodithiolato )nickel(II) 12.44 

Bis[2,3-dihydro-N-2-pyridinyl-3-(2-
pyridiny liminG )isoindol-l-amine ] nickel (II) 12.45 

Bis( diisopropyldithiocarbamato )cobalt(ll) 12.46 

Bis( diisopropy ldi thiocarbamato )copper(ll) 12.47 
Bis( diisopropy Idithiocarbamato )iron(ill) 12.48 

Bis(diisopropyldithiocarbamato)manganese(II) 12.49 

B is( di i sopropy 1 di thi ocarbamato )nickel (II) 12.50 

Bis( diisopropy Idithiocarbamato )zinc(II) 12.51 
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Bis[ diisopropyldithiophosphato ]nicke1(II) 12.52 

Bis( 0,0' -diisopropylphosphorodithiolato)nickel(II) 12.52 

Bis[l ,2-di( 4-methoxyphenyl)-1,2-
ethanedithionato ]nickelate(I), tetrabuty lammonium 
salt 12.53 

Bis[1,2-di(4-methoxyphenyl)-1,2-
ethenedithiolato ]nickel(I1) 12.54 

1 ,4-Bis(N ,N-dimethylamino )benzene 9.31 

3,7-Bis(dimethylamino)phenothiazinium 11.113 

N-[ 4-Bis[ 4-( dimethyl amino )phenyl]methylene ]2,5-
cyclohexadien-l-ylidene]-N-methylmethanaminium 
chloride 11.44 

Bis( dimethy ldithiocarbamato )bismuth(II) 12.55 

Bis( dimethyldithiocarbamato )nickel(II) 12.56 

Bis(l ,2-dimethyl-l ,2-ethenedithiolato )nickel(II) 12.15 

2,6-Bis(1 ,1-dimethylethyl)-4-[1-[2,6-bis(1 ,1-
dimethylethyl)selenapyran-4-
ylidene]-3-propenyl]pyrylium 11.157 

2,6-Bis(l ,1-dimethylethyl)-4-[1-[2,6-bis(1 ,l-dimethylethyl)
selenopyran-4-ylideneJ-3-propenylJselenopyrylium 
11.160 

2,6-Bis(1, 1-dimethylethyl)-4-[ 1-[2,6-bis( 1 ,l-dimethylethyl)
selenopyran-4-y Hdene]-3-propeny 1] thiopyry Hum 
11.175 

2,6-Bis(1, I-dimethylethyl)-4-[1-[2,6-bis(1 ,l-dimethylethyl)
telluropyran-4-ylidene]-3-propenyl]pyrylium 11.158 

2,6-Bis( 1 ,1-dimethylethyl)-4-[1-[2,6-bis( 1 ,1-
dimethylethyl)telluropyran-4-
ylideneJ-3-propenyJ]telluropyryHum 11.161 

2,6-Bis(1,1 -dimethylethyl)-4-[1-[2,6-bis(1 ,1-
dimethylethyl)thiopyran-4-
ylidene 1-3-propenYllthiopyrylium 11.176 

Bis[2-[(1,I-
dimethy lethy limino )methyl]phenolato ]nickel(II) 
12.57 

Bis[4-(1,I-dimethylethyl)phenylsalicylato]nickel(lI) 12.58 
Bis[3,5-di(1-methy1ethyl)salicy1ato)cobalt(II) 12.59 

Bis[3,5-di(1-methylethy1)salicylato]nicke1(II) 12.60 

Bis[0,O'-di(4-
methy lpheny l)phosphorodithiolato ]coba1t(II) 12.61 

Bis[ 0.0' -di(4-
methy Iphenyl )phosphorodithiolato ]copper(II) 12.62 

Bis[0,O'-di(4-
methy Ipheny 1 )phosphorodithiolato ]nickel(II) 12.63 

Bis(diphenyldithiocarbamato )nickel(II) 12.64 

Bis( 1 ,2-diphenyl-l ,2-ethanedithionato )nickelate(I), tetrabu-
tylammonium salt 12.65 

Bis[1,2-diphenyl-I,2-ethenedithiolato]nickel(II) 12.66 

Bis( 0 ,0' -diphenylphosphorodithiolato )chromium(II) 12.67 
Bis(O,O' -diphenylphosphorodithiolato)coba1t(II) 12.68 

Bis( 0,0' -dipheny Iphosphorodithiolato )copper(II) 12.69 

Bis( 0,0' -diphenylphosphorodithiolato )Jead(lI) 12.70 
Ris( 0 ,0' -dipheny Iphosphorodithiolato )nickel(II) 12.71 

Bis( ° ,0' -diphenylphosphorodithiolato )zinc(II) 12.72 

B is( di thi oacety 1 aceton ate )cobal t(lI) 12.73 

Bis(dithioacetylacetonato)nickel(TI) 12.74 

Bis[1,2-di(trifiuoromethyl)-1,2-ethenedithiolato]nickel( II 
12.85 

Bis[1 ,2-di( 4-trifluoromethylphenyl)-1 ,2-
ethanedi thionato ] ni ckelate(l), tetrabuty I ammon i \11 Ii 

salt 12.75 
Bis[l ,2-di(4-trifluoromethylphenyl)-1 ,2-

ethenedithiolato]nickel(ll) 12.76 

Bis[ 1 ,2-di(3,4,5-trimethoxyphenyl)-1 ,2-
ethanedithionato ]nickelate(I), tetrabutyl ammon i UIl: 

salt 12.77 

Bis[ 1 ,2-di(3,4,5-trimethoxyphenyl)-1 ,2-
ethanedithionato ]nickelate(l), 4-[1 ,5,5-tri( 4-
diethylaminophenyl)pentadienylidene]anilinium s:lli 

12.78 
Bis[1,2-di(3,4,5-trimethoxyphenyl)-1,2-

ethenedithiolato]nickel(II) 12.79 

Bis[2-[ (dodecy limino )methyl]phenolato ]coba1t(I1) 12JW 
Bis[2-[(dodccylimino)mcthyl]phenolato]copper(TI) 12JII 

Bis[2-[ (dodecy limino )~ethy]]pheno]ato ]nickel(IT) 12.Hl 

9,10-Bis(ethanesulfonate)anthracene 3.15, 12.143, 12.167 

12.169 

2,5-Bis(ethoxycarbonyl)furan 5.60. 

Bis[ O-ethyl-3,5-di-(1, I-dimethylethy1)-4-
hydroxy benzy Iphosphdnato ]nickel (n) 12.83 

Bis[5-ethyI-3-[(3-pyridinylimino)methylJ-2-
thiophenethionato ],cobalt(II) 12.84 

1 ,4-Dis(4~fluorophcnyI)-1 ,3-cyc1opcntadienc 2.142 

Bis[I,1,1,4,4,4-hexafluoro-2-butene-2,3-
dithioIatoJnickeI(II) 12.85 

Bis[hydrotris( J -pyrnzoly l)bornto ]nickcl(TI) 12.86 

Bis(2' -hydroxy acetophenone oximato )nickel(TI) 12.87 

Bis(2-hydroxybenzaldehydato )nickel(II) dihydrate 12.8X 

Bis(2-hydroxybenzaldehyde oximato)nickel(II) 12.89 

Bis[2-hydroxybenzaldehyde phenylhydrazone]nickel(II) 
12.90 

Bis[2' -hydroxy-4' -tert-butyloctadecanophenone 
oximato ]palladi um(lI) 12.91 

7 ,12-Bis( I-hydroxyethyl)-3,8,13, 17 -tetramethylporphine-
2,18-dipropanoic acid 7.72 

Bis(2-hydroxy-5-methoxybenzaldehydato)nicke1(TI) dihy
drate 12.92 

Bis[2'-hydroxy-4' -mcthylacctophcnonc oximato ]nickel(ll) 
12.93 

Bis[2-hydroxy -5-methylbenzophenonato ]nickel(n) 12.94 

Bis[2'-hydroxy-4' -methyldodecanophenone 
oximato ]nickel(II) 12.95 

2,5-Bis(hydroxymethyl)furan 5.18, 10.2, 10.3, 10.23, 10.24, 

10.26, 13.104, 13.106, 16.37, 16.64, 17.77 

Bis[(2-hydroxy-5-
methy lpheny 1 )pheny Imethanonato ]nickel(lI) 12.94 

Bis[2-(iminomethyl)phenolato]nickel(Tl) 12.96 

Bis( 4-imino-2-pentanonato )nickel(II) 12.97 
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1 ,2-Bis(isopropyJidene )-3,5-cyc1ohexadiene 2.104 

2,5-Bis(methox ycarbony l)furan 5.61 
1 ,4-Bis( 4-methoxyphenyl)-1 ,3-cyclopentadiene 2.143 
1,1-Bis(4-methoxyphenyl)ethylene 3.100 

2,5-B is( 4-methoxypheny l)furan 5.19 

1,4-Bis(methylamino)anthraquinone 11.7 

Bis[ 4-methyl-l ,2-benzenedithiolato ]cobalt(ll) tetrabutylam
monium salt 12.99 

B is [4-methy 1-1,2-benzenedithi olato ]nickel (ll) tetrabuty lam -
monium salt 12.100 ' 

Bis [0-( I-methy Iethy I )carbonodithionato ]nickel(ll) 12.98 

Bis[2-[(1-methylethylimino)methyl]phenolato]nickel(ll) 
12.101 

Bis[N-methyl-7-(methylimino)~ 1,3,5-cyc1oheptatrien-l-
aminato]nickel(lI) 12.102 

1,4-Bis( 4-methy Ipheny 1)-1 ,3-cyclopentadiene 2.144 
Bis(4-methylphenyldithiocarbamato)nickel(ll) 12.103 
Bis[4-(1-methyl-l-phenylethyl)phenyl]nitroxide 15.27 

2,5-Bis( 4-methylphenyl)furan .5.20 
Biser methylphenyl)methanethione 13.161 

Bis[N-(4-methy Iphenyl)-7-[( 4-methylphenyl)imino].: 1 ,3,5-
. cycloheptatrien-1-aminato ]nickel(II) 12.104 

Bis[2-[( I-methy Ipropy limino )methyl]phcnolato]nickcl(ll) 
12.105 

Bismuth(II) bis( dimethyldithiocarbamate) 12.55 

Bis(2,4.;.pentanedionato )coba1t(Il) 12.7 
Bis(2,4-pentanedionato )copper(ll) 12.8 
Bis(2,4-pentanedionato )zinc(lI) 12.13 

Bis(2,4-pentanedithionato )cobalt 12.73 

Bis[2-pentene-2A-dithiolato]nickel(ll) 12.74 . 

1 A-Bis(N-phenylamino )benzene 9.29 
Bis[2-[[(4-

(phenyl amino )phenyl)imino ]methyl]phenolato Jnickel(II) 
12.106 

Bis(phenyldithiocarbamuLo )nkke1(TI) 12.107. 

Bis[2-[ (pheny limino )methy l]phenolato ]cobaIt(n) 12.108 

Bis[2-[ (phenylimino )methyl]phenolato ]copper(lI) 12.109 

Bis[2-[(pheny limino )methyl]phenolato ]nickel(ll) 12.110 

9,lO-Bis(2-sulfonatoethyl)anthracene 3.15, 12.143, 12.167, 

12.169 

Bis(2,2,6,6-tetramethyl-4-piperidinol-I-oxyl) 1,10-
decanedioate 15.37 

Bis(2,2,6,6-tetramethy 1-4-piperidinol-l-oxyl) 1,6-
hexnnedioatc 15.38 

Bis(2,2,6,6-tetramethy 1-4-piperidinol-l-oxyl) terephthalate 
15.39 

N,l\71 -Bis[4· (2,2,6,6-tetramcthylpipcridinyl)]-1 ,6-
hexanediamine8.64 

Bis[2,2' -thiobis[ 0,O'-di(4-ten.:. 
buty lpheny 1 )phosphorodithiolato ]cadmium(ll) 
12.111 

Bis[2,2'-thiobis[ 0,0' -di(4-ten-
buty lpheny l)phosphorodithiolato ]cobalt(ll) 12.112 

Bis[2,2' -thiobis[ 0,0' -di(4-ten
butylphenyl)phosphorodithiolatoJlead(ll) 12.113 

Bis[2,2' -thiobis[ 0,0' -di(4-tert-
butylpheny I )phosphorodithiolato ]nickel(ll) 12.114 

Bis[2,2' -thiobis[ 0,O'-di(4-tert-
buty lpheny 1 )phosphorodithiolato] zinc(ll) 12.115 

Bis(2,2'-thiobis[4-(1,1,3,3-
tetramethylbutyl)phenolato]nickel(ll) 12.116 

B is( tri benzy lsilox y )silicon 2,3-naphthal ocyanine 7.17 

Bis(tri benzy lsiloxy )siJicon phthalocyanine· 7.40 

Bisf3,4,6-trichloro-l.2-benzenedithiolato]nickelate(I). tetra-
butylammonium salt 12.117 

2,3,2',3'·Bis(1,4,lO,13-trideca-4,6,8,10-tetraen)tetrayl[4,6-
diphenylpyrylium] perchlorate 11.31 

Bis(tri-n-hexyloxysiloxy)-2,3-
naphthalocyaninatoaluminum 7.24 

Bis(tri-n-hexyloxysiloxy)-2,3-naphthalocyaninatogallium 
7.25 

Bis(tri-n~hexyloxysiloxy)-2,3-naphthalocyaninatosilicon 

7.18 
Bis(tri-n-hexyloxysiloxy)-2,3-naphthalocyaninatotin 7.19 

Bis( trihex y lsiloxy)silicon 2,3-naphthalocyanine7 .18 

Bis(trihexylsiloxy)tin 2,3-naphthalocyanine 7.19 
Bis(triisobutylsiloxy)silicon 2,3-naphthalocyanine 7.20 

Bis(2,4,6-trimethy lbenzenesulfonato )nickel(ll) 12.118 

Bis(2,4,6-trimethylphenyl)diazomethane 11.19 
Bis(tripropylsiloxy)siHcon phthalocyanine 7.41 
Bixin 2.177 
Blepharismin 16.59 

Boldine 8.20 

Bromide ion 14.4 
Bromobenzene 3.30 

Bromocarbony lbis( tripheny lphosphine )iridium 12.119 

4~Bromo~2,6-di-tert-butylphenof 4.105 
I-Bromo-4-( dimcthylamino )benzene 9.2 

4-Bromo-N,N-dimethylaniline 9.2· 

4-Bromo-2,6-dimethylphenoxide ion 4.154 

2-Bromofuran 5.21 

4-Bromophenoxide ion 4.153 
1 ~(4-Bromophenylazo )-2-naphthol 11.94 

2-( 4-Bromophenyl)furan 5.22 

3-( 4-Bromophenyl)furan 5.23 
4-Bromophenyl methyl sulfide 13.7 
p-Bromophenyl methyl sulfide 1-3.7 

1-(4-Bromophenyl)-4,4,8,8-tetramethyI-2,3,4,5,7,8,9,lO-
octahydropyrrolo[ 4,3,2-m,n]acridine-l O-one 6.67 

p-Bromothioanisole 13.7 

2-[7-(4-Bromo-1,3,3-trimethyl-2~indol-2-
ylidene)-l ,3,5-heptatrienyl]-1 ,3,3-trimethylindolium, 
tetra flu oro borate 11.70 

Brucine 8.9 
Buckminsterfullerene 17.32 

1,3-Butadiene, 1 A-di( 4,4' -dimethoxyphenyl)- 2.35 

I D ........ t"" .......... Oaf nata "",,1 1)4 Nn I) 1QQ'" 
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1,3-Butadiene, 1 ,4-di(1 ,l-dimethy}ethoxy)-, (E,£)- 2.36 

1,3-Butadiene, 1 A-di(1, I-dimethylethoxy )-, (E,2)- 2.37 

1,3-Butadiene, l,4-di(1,l-dimethylethoxy)-, (Z,2)- 2.38 

1,3-Butadiene,2,3-dimethyl- 2.39 

1,3-Butadiene,1,4-diphenyl- 2.40,2.35 

1,3-Butadiene, 2-ethyl- 2.41 

1,3-Butadiene,2-methyl- 2.42 

1 ,3-Butadiene, 2-(phenylmethyl)- 2.43 

Butanamide,2-(4-methylphenylazo)-3-oxo-N-phenyl-
11.60 

Butanamide, 3-oxo-N-phenyl-2-(phenylazo)- 11.62 

I-Butaneamine 8.12 

l,4-Butanediamine, N-(3-aminopropyl)- 8.10 

1 ,4-Butanediamine, N,N'-bis(3-aminopropyl)- 8.11 

Butanedioic acid, polymer with 4-hydroxy-2,2,6,6-
tetramethy lpiperidineethanol 8.67 

2,3-Butanediol, l,4-dimercapto-, erythro- 13.49 

2,3-Butanediol, l,4-dimercapto-, threo- 13.50 

I-Butanethiol 13.51 

Butanoic acid 17.6 

Butanoic acid, 3,3-dimethyl-2-oxo- 17.7 

Butanoic acid, 4-(methylthio)-2-
[[(phenylmethyl)carbonyl]amino]-, methyl ester 
13.110 

I-Butanol 17.8 
I-Butanol,4-(4-methylphenyl)thio- 13.52 

tert-Butanol 17.62 

(E)-2-BulcJlal 2.44 

trans-2-ButenaI 2.44 

I-Butene,2,3-dimethyl- 2.45 

2-Butene 2.46 

2-Butene, (E) 2.47,2.48 

2-Butene, (2) 2.48 
2-Butene, 2-anisyl-3-methyl- 3.118,3.115,3.123 

2-Butene, 2-cyclopropyl-, (E) 2.49 

2-Butene, 2-cyc1opropyl-3-methyl- 2.50 
2-Butene, 2,3-dimethyl- 2.51,2.38,2.50,2.52,2.53,2.56, 

2.103,2.117,2.140,2.168,2.170,2.184,2.185, 2.186, 2.187, 
2.188,2.189,2.190,2.191,2.192,2.193,2.194, 2.195,2.196, 
2.223,2.225,2.303,2.310,2.332,2.334, 3.10, 3.11, 3.28, 
3.66, 3.125,4.3, 4.100, 5.34, 7.5, 7.65, 8.83, 9.1, 13.86, 

13.145 

2-Bmene, 2,3-dimethyl-, (d12)- 2.34 

2-Butene, 2,3-dimethyl-d6, (E)- 2.52 

2-Butene, 2,3-dimethyl-d6, (2)- 2.53 
2-Butene, 2,3-di(a-naphthyl)-, (£)- 3.84 

2-Butene, 2,3-di(a-naphthy1)-, (2)- 3.84 

2-Butene, 2,3-di(~-naphthyl)-, (E)- 3.85 

2-Butene, 2,3-di(~-naphthyl)-, (2)- 3.85 

2-Butene, 2,3-diphenyl-, (E)- 3.102,3.103 

2-Butene, 2,3-diphenyl~, (2)- 3.103 
2-Butene, 2-methoxy- 2.55 

2-Butene,2-methyl- 2.56,2.122,2.161,2.307,2.309,2.31: 

3.110, 15.2, 15.13, 15.14, 15.15 

2-Butene, [(2-methyl-3-(phenylsulfinyl)]- 13.53 
2-Butene, 2-(phenylsulfinyl)- (E) 13.54 

2-Butene, 2-(phenylsulfinyl)- (Z) 13.55 
(£)-2-Butene 2.47,2.48 

(2)-2-Butene 2.48 

2-Butenoic acid, 2-methyl-, (E) 2.58 

3-Butenoic acid 2.59 

(E)-2-Butenoic acid 2.57 

2-Buten-I-ol, 3-methyl- 2.60 

I-Buten-3-one, I-(2,6,6-trimethyl-I-cyc1ohexen-I-yl)- }, 

4-tert-Butoxy-2,6-di-tert-butylphenol 4.119 

I-Butoxy-2,2,6,6-tetramethylpiperidine 8.S5 

Butyl alcohol 17.8 

tert-Butyl alcohol 17.62 

Butylamine 8.12 

Butylamine, N,N-dibutyl- 8.13 
Butylamine, N,N-dimethyl- 8.14 

tert-Butylamine 8.15 

Butylamine[2,2'-thiobis(3A-dimethylphenolato)]nickel( II 
12.120 

Butylamine[2,2'-thiobis[4-(l,I,3,3-
tetramethy Ibuty 1) ]phenolato ]cobalt(ll) 12.121 

Butylamine[2,2' -thiobis[4-(l,I ,3,3-
tetramethy 1 bu ty 1) ]phenolato ]nickel(II) 12.122 

Butylated hydroxy toluene 4.102,4.99,4.116,4.117, 4. 1 UJ, 

4.147 

p-tert-Butylcatechol 4.8 

I-tert-Butylcyclobutene 2.97 
l-lett-Butylcyclohexcne 2.87,2.88,2.102,2.122,2.1:38,2. I: 

2.161 

I-tert-Butylcyc1opentene 2.157 

rt-Butyldimethylam.ine 8.14 

tert-Butyl ethyl sulfide 13.56 

2-tert-Butylfuran 5.24 

2-tert-Butyl-4-hydroxyanisoIe 4.122 

n-Butyl mercaptan 13.51 

tert-Butyl methyl ether 17.18 
Butyl methyl sulfide 13.57 
7-tert-Butyl-5-methyltocol 4.55 

8-tert-Butyl-5-methyltocol 4.56 
2-tert-Butylphenol 4.120 

4-tert-Butylphenol 4.121 

4-(tert-Butyl)phenoxide ion 4.163 
N-tert-Butyl-a-phenylnitrone 15.46 

2-Butyl propyl sulfide 13.59 
sec-Butyl propyl sulfirle 1~_59 

ten-Butyl propyl sulfide 13.58 

I-tert-Butylpyrrole 6.61 

2-tert-Butylpyrrole 6.62 

3-tert-Butylpyrrole 6.63 
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sec-Butyl sulfide 13.73 

p-tert-Butylthioanisole 13.20 
(Butylthio)benzene 13.8 
l-(Butylthio )-3-chlorobenzene 13.9 

l-(B utylthio )-4-chlorobenzene 13.10 
l-(Butylthio )-4-fluorobenzene 13.11 
l-(Butylthio )-4-methoxybenzene 13.12 
1-(Butylthio)-4-methylbenzene 13.13 

Butyric acid 17.6 

C60 17.32 
C70 17.33 
CadmiumCll) bis[2,2' -thiobis[ 0,0' -die 4-tert-

butylphenyl)dithiophosphate]] 12.111 
Cadmium(II) protoporphyrin 7.75 

Cadmium(ll) tetraphenylchlorin 7.51 
Cadmium(ll) tetraphenylporphyrin 7.60 
Caffeic acid 4.6H 

Caged hydrazine 8.22 

Canthaxanthin 2.83 
Caproic acid 17.38 
Captopril 13.130 
Carbamic acid, [2-(indol-3-yl)ethyl]-, methyl ester 10.35 
Carbazole, 9-acetyl-2,3,4,9-tetrahydro- 6.2, 6.3, 6.10, 6.14, 

6.18, 6.19 

Carbazole, 2,3,4,9-tetrahydro-9-methyl- 6.2 
Carbazole, 2,3,4,9-tetrahydro-9-methyl-6-nitro- 6.3 
4-Carbethoxyaniline 9.9 
2,2' -Carbocyanine, 1, I' -diethyl-, chloride 11.41 
4,4'-Carbocyanine, 1, I'-diethyl- 11.42 
4,4' -Carbocyanine, 1, I' -diethyl-, toluenesulfonate 11.43 

3-Carbomethoxy-4,5-dihydro-2-methy lfuran 5.58 
3-Carbomethoxy-2-methyl-4,5-dihydrofuran 5.58 
Carbonate hydrolyase 10.7 
Carbonic anhydrase 10.7 

Carbon seventy-atom molecule 17.33 

Carbon sixty-atom molecule 17.32 
Carbonylbis(triphenylphosphine)iridium(J) chloride 12.123 

Carbonylhis(triphenylphosphine)rhodium(J) chloride 
·12.124 

Carbonylchlorobis(triphenylphosphine)iridium 12.123 

Carbonylchlorobis(triphenylphosphine)rhodium 12.124 
Carbony liodobis( tripheny lphosphine )iridium 12.125 

[ l-Carboxy-2-[2-mercaptoimidazol-
4(5)yl]ethyl]trimethylammonium ion 13.104 

[l-Carboxy-2-[2-mercaptoimidazol-
4(5)yl]ethyl]trimethylammonium ion(l-) 13.105 

2-Carene 2.26 
3-Carene 2.28 
4-Carene 2.27 

Carnosine 10.24 
L-Carnosine 10.24 
~-apo-8' -Carotenal 2.62 

9-cis-~-Carotene 2.64 

15,15'-cis-~-Carotene 2.65 

15,I5/-(Z)-~-Carotene 2.65 

IS-cis-~-Carotene 2.65 

15(Z)-'II-Carotene, 7,7',8,8',11,11',12,12' -octahydro- 2.74' 
(X-Carotene 2.63 

(all-E)-\If -Carotene 2.250 
all-trans-\lf-Carotene 2.250 

~-Carotene 2.66, 2.183 

~,~-Carotene, 3'-(acetyloxy)-6',7' -didehydro-5,6-epoxy-
5,S',6,6',7,8-hexahydro-3,3',S'-trihydroxy-8-oxo-, 
(3S,3' S,SR,S' R,6S,6' R)- 2.67 

~,\If-Carotene 2.76 
'I'~Carotene, 3,4-didehydro-l,2,7',8' -tetrahydro-l-methoxy

(all-E)- 2.68 

\If-Carotene, 3 ,4-didehydro-l ,2,7' ,8' -tetrahydro-l-methoxy-
2-oxo- (nll-F:)- 2~69·· 

'II-Carotene, 7,8-dihydro- (all-E)- 2.70 

\If-Carotene, dihydroxy-, (all-E)- 2.251 

'" Carotene, 3,3',tl ,1\' -tetradehydro-l,1',2,2' -tetrahydro-l,l'-
dimethoxy- (all-E)- 2.71· 

\If-Carotene, 7,8,11, 12-tetrahydro- 2.72 

'I','I'-Carotene, 7,7',8,8',11,12-hexahydro-, IS-cis- 2.73 
(E)-~,£-Carotene, 3,3' -dihydroxy- (3R,3' R,6' R)- 2.75 

y-Carotene 2.76 
~ -Carotene 2.72 
Carotene analog, C-30 2.77 
Carotene analog, C-3S 2.78 
(3R,3'R,6'R)-~,£-Carotene-3,3/-diol 2.7S 
all-trans-~,~-Carotene~4,4' -diol 2.81 

~,~-Carotene-3,3' -diol, (3R,3'R)- 2.79 
~,~-Carotene-3,3' -diol, 5,6:S',6'-diepoxy-S,S',6,6'-

tetrahydro- (all-E) 2.80 

~,~-Carotene-4,4' -diol, all-E- 2.81 

~-Carotene-4,4' -dione, 3,3' -dihydroxy- 2.82 

~,~-Carotene-4,4' -dione 2.83 
K,K-Car

2 
otene-6,6'-dione, 2,2' -dihydroxy- (2S,2'S,SR,S'R) 
.84 

~-apo-8-Carotenoic acid, ethyl ester 2.85 
~-apo-8' -Carotenol 2.86 
~,~-Caroten-3-o1 2.87 
~,~-Caroten-4-one 2.88 

Carvomenthene 2.125 
Caryophy Ilene 2.34 
(-)-Caryophyllene 2.34 
~-Caryophyllene 2.34 
y-Caryophyllene 2.34 

Catechin 4.67 
( + )-(2R,3S)-Catechin 4.67 

Catechol 4.4 
Catechol, 3,5-di-tert-butyl- 4.7 
CBZ-L-Methionine methyl ester 13.110 
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C30-Capsorubin 2.205 

C34-Capsorubin 2.231 

C-30 Carotene 2.77 

C-35 Carotene 2.78 

C30-Carotene analog 2.77 

C35-Carotene analog 2.78 

C30-Epiisocapsorubin 2.206 

C34 -Epiisocapsorubin 2.232 

C4o-Epiisocapsorubin 2.84 

Cercosporin 16.55 

Chalcogenopyrylium dye la 11.159 
Chimasorb 944 8.16 

Chloride ion 14.5 

Chloroaluminum(III) sulfophthalocyanine 7.43 

2-Chloroanisole 3.34 
l-Chloroanthracene, 3.4 

9-Chloroanthracene 3.5 
Chlorobenzene 3.31 

Chloro-! ,4-benzenediol 4.20 

l-Chloro-3-(butylthio )benzene 13.9 

l-Chloro-4-(buty 1 thi 0) benzene 13.10 

5-Chloro-2-(2-(3-[(5-chloro-3-ethyl- 2-
benzothiazo]y lidene )ethy lidene ]-2-( dipheny lamino)
l-cyclopenten-l-yl)ethenyl]-3-ethylbenzothiazolium, 
perchlorate 11.33 

4-Chloro-I,3-dihydroxybenzene 4.11 

2-Chloro-l,4-dimethoxybenzene 3.32 
5-Chloro-I,3-dimethoxybenzene 3.33 

l-Chloro-3-( dimethy lamino )benzene 9.3 

2-Chloro- I O-dimethy laminopropy Iphenothiazine 13.122 

3-Chloro-N,N-dimethylaniline 9.3 

4-Chloro-N,N-dimethylaniline 9.4 

2-Chloro-N,N-dimethylphenothiazine-IO-propanamine 
13.122 

l-Chloro-9,lO-diphenylanthracene 3.6 

Chloroform 17.9 

Chlorofonn-d 17.10 

Chlorohydroquinone 4.20 

3-Chloro-5-methoxyphenol 4.111 

2-Chlorophenol 4.106 

3-Chlorophenol 4.107 

4-Chlorophenol 4.108 

2-Chlorophenoxide ion 4.155 

3-Chlorophenoxide ion 4.156 

4-Chlorophcnoxidc ion 4.157 

2-(3-Chlorophenoxymethy lidene )adamantane 2.350 

2-( 4-Chlorophenoxymethylidene )adamantane 2.351 

1-( 4-Cl!lurophenylazu)-2-naphthol 11.95 

4-( 4-Chloropheny lazo )-l-naphthol 11.S7 

7-Chloro-2-phenyl-12-benzisoselenazol-3-one 13.36 

3-( 4-Chlorophenyl)-1 ,5-diphenyl-2-pyrazoline 11.121 

5-(4-Chloropheny1)-1,3-diphenyl-2-pyrazoline 11.1 2.' 

2-( 4-Chloropheny I )furan 5.25 

1-(4-Chlorophenyl)-4-(4-methoxyphenyl)-1,3-
cycJopentadiene 2.145 

3-Chlorophenyl methyl sulfide 13.14 

4-Chlorophenyl methyl sulfide 13.15 

m-Chlorophenyl methyl sulfide 13.14 

1~(4-Chlorophenyl)-4-phenyl-I,3-cyc1opentadiene 2.1·11 

4-Chlorophenyl phenyl sulfide 13.16 

l-Chloro-4-(phenylthio )benzene 13.16 

3-(3-Chlorophenyl)thio-l-propanol 13.132 

3-( 4-Chlorophenyl)thio-l-propanol 13.133 

Chlorophyll a 7.11 

Chlorophyll b 7.12 

4' -ChloropivaJothiophenone 13.127 

4-Chlororesorcinol 4.11 

Chloro(5,10,15,20-tetraphenylporphinato)iron(III) 7.41) 

m-Chlorothioanisole 13.14 

4-Chlorothiobenzamide 13.153 
4-Chlorothiobenzophenone 13.158 

2-[7-( 4-Chloro-l ,3,3-trimethyl-2-indol-2-
ylidene )-1 ,3,5-heptatrienyl]-1 ,3,3-trimethylindol'llll: 
tetrafiuoroborate 11.71 

m-Ch]oro-a,~,~-trimethy Istyrene 3.109 
p-Chloro-(X,Jj,~-trimethylstyrene 3.110,3.121,3.122 

Chlorpromazine 13.122 

3,5-Cholestadiene 2.89 
1:\3,5 -Cholestadiene 2.89 

4-Cholesten-3-one, 4-methyl- 2.90 

Cholesterol 16.14, 2.213, 2.265, 2.269, 2.272 

Cholesteryl benzoate 16.15 

6-Chromanol,2,8-dimethyl-2-(4,8,12-trimethyltridecyl) 
4.46 

6-Chromanol, 2,5,8-trimethyl-2-(4,8,12-trimethyltridecy) 
4.52 

6-Chromanol, 2,7 ,8-trimethyl-2-( 4,8, 12-trimethyltridecy I 
4.53 

Chromium(II) bis( 0,0' -diphenyldithiophosphate) 12.67 
Chromium (III) tris( acety lacetonate) 12.172 

Chrysin 4.73 

C.l. 12055 11.104, 11.94, 11.95, 11.96, 11.97, 11.98, 11.99, 

11.100, 11.102, 11.103 

C.I. 12120 11.101 

C.I.42555 11.44 

C.I.60700 11.6 

C.I.60710 11.5 

CJ.61500 11.7 

C.I.62015 11.13 

C.I.64500 11.14 

Cinnamic acid, 3,4-dihydroxy- 4.68 

(E)-Cinnamic acid 2.91 

Cinnamic acid, 2-hydroxy- 4.69 
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Cinnamic acid, 4-hydroxy-3-methoxy- 4.70 

trans-Cinnamic acid 2.91 

C30-Isocapsorubin 2.207 

Citronellol 2.294 

Cleland's Reagent 13.50 

Cobalt(IJ), bis[3-(cyclohexylimino)methyl]-5-ethyl-2-
thiophenethionato 1- 12.20 

Cobalt(IJ), bis [5-ethy 1-3-[(3-pyridiny limino )methy 1]-2-
thiophenethionato]- 12.84 

Cobalt, bis(cyano)[tetramethyl-12,13-didehydro-2,18-bis(2-
methoxy-2-oxoethyl)-3,5,8,8, 13, 15, 18,19-
octamethy 1-3,7,12,17 -corri n tetrapropanoa to- 16.16 

Cobalt, [[2,2'-(1,2-
ethanediy lbis(nitrilomethylidyne ]bis(phenolato ]](2-) 
N,N',O,O'- 12.139 

Cobalt(ll) acetate 12.126 

Cobalt(II) bis( acety lacetonate) 12.7 
Cobalt(II) bis(dibutyldithiocarbamate) 12.26 

Cobalt(II) bis[ 0,0' -di(4-tert-butylphenyl)dithiophosphate] 
12.30 

Cobalt(II) bis[ 0,0' -dicyclohexyldithiophosphate] 12.36 

Cobalt(II) bis( 0,0' -dicyclohexy Iphosphorodithiolato)-
12.36 

Cobalt(II) bis[1 ,2-di( 4-ethylphenyl)-1 ,2-ethenedithiolato]-
12.41 

Cobalt(II) bis( diisopropy ldithiocarbamate) 12.46 

Cobalt(IJ) bis[3,5-diisopropylsalicylate] 12.59 

Cobalt(IJ) bis[ 0,0' -die 4-methylphenyl)dithiophosphate] 
12.61 

Coba1t(IJ) bis( 0 ,0' -diphenyldithiophosphate) 12.68 

Coba1t(IJ) bis( dithioacety lacetonate) 12.73 

Cobalt(IJ) bis [2-(N-dodecy Iformimidoy 1 )phenol] 12.80 

Cobalt(II) bis [2-(N -pheny lfonnimidoy I )phenol] 12.108 

Cobalt(II) bis[2,2 /-thiobis[ 0,0' -di(4-tert-
buty Ipheny l)di thiophosphate]] 12.112 

Cobalt(II) bis[Jl-toluene-3,4-dithiolato]TBA2 12.99 

Cobal t(lI) butylamine [2,2' -thiobis( 4- tert-octy 1 )phenolate J 
12.121 

Coba1t(II) chloride hexahydrate 12.127 

Coba1t(II) 2,2' -[ethylenebis(nitrilomethylidyne)]diphenol 
12.139 

Cobalt(II) hydroxybis(2,3-butanedione 
dioximato)triethylamine 12.147 

Cobalt(II) ion 12.128 

Cobalt(II) mesoporphyrin 7.82 

Cobalt(lI) mesoporphyrin IX, dimethyl ester 7.86 

Cobalt(ll) 2,2' -methy1enebis[O,O' -di(4-tert-
buty lpheny 1 )di thiophosphate] 12.156 

Cobaltous acetate 12.126 

Cobalt(lI) protoporphyrin 7.76 

Cobalt(lI) 5,10,15 ,20-tetraphenyl porphyrin 7.62 

Cobalt(llI) tris( acety lacetonate) 12.173 

Cobalt(II) tris(2,2' -bipyridine) 12.176 

Cobalt(IJ) tris( 1,1 O-phenanthroline) 12.178 

Cobrynic acid, bis( cyano )-7 -dee carboxymethy 1)-7,8-
didehydro-, hexamethyl ester 16.16 

Coenzyme A 16.17 

Copper(II), bis[3-( cyclohexylimino )methyIJ-5-ethyl-2-
thiophenonato]- 12.22 

Copper(ll), [[3,3]-[1,2-
ethanediylbis(nitrilomethylidyne)]bis[5-ethyl-2-
thiophenethionato]]- 12.138 

Copper(II) bis(acetylacetonate) 12.8 

Copper(II) bis(dibutyldithiocarbamate) 12.27 

Copper(II) bis[0,0'-di(4-tert-butylphenyl)dithiophosphate] 
12.31 

Copper(II) bis(diisopropyldithiocarbamate) 12.47 

Copper(II) bis[O,O'-di(4-methylphenyl)dithiophosphate] 
12.62 

Copper(II) bis( 0,0' -diphenyldithiophosphate) 12.69 
CopperCII) bis[2-(N-dodecylfonnimidoyl)phenol] 12.81 

Copper(II) bis[2-(N-phenylfonnimidoyl)phenol] 12.109 

Copper(II) ion 12.129 
Copper(IJ) protoporphyrin 7.77 

Copper(II) tetracarboxyphthalocyanine 7.45 

Copper(II) tetra(4-iodophenyl)porphyrin 7.55 

Copper(II) tetra(4-methoxyphenyl)porphyrin 7.56 

Copper(II) tetrapheny1chlorin 7.52 

Copper(II) tetraphenylporphyrin 7.63 

Copper(II) 5,10,15,20-tetraphenylporphyrin 7.63 

Coumarin 1 5.7 

Coumarin 102 8.4 

Coumarin 460 5.7 

Coumarin 47 5.7 

Coumarin,7-(diethylamino)- 5.6 

Coumarin,7-(diethylamino)-4-methyl- 5.7 

Coumarin, 3,4,5,6,7,8-hexahydro- 2.92 

Coumarin LD-490 8.3 

C1s-Polyene-tetrone 2.234 

C28-Polyene-tetrone 2.348 

C 18-Polyene-tetrone-diacetal 2.233 

C2rPolyene-tetrone-diacetal 2.211 

C2S-Polyene-tetrone-diacetal 2.347 
p-Cresol 4.135 

Crocetin 2.93 

a-Crocetin 2.93 

Crocin 2.173 

Crocin 3 2.178 

(E)-Croton aldehyde 2.44 

(E)-Crotonic acid 2.57 

Cryptoxanthin 2.87 

Crystal Violet 11.44 

Curcumin 4.77 

Cu,Zn-Erythrocuprein 10.14 

2,2' -Cyanine, 1,1' -diethyl-, iodide 11.45 
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4-Cyano-N ,N-dimethy laniline 9.22 

4-[N-(2-Cyanoethyl )-N-ethy lamino ]azobenzene 11.51 
4-[N-(2-Cyanoethy 1)-N-ethy lamino ]-4'-

methoxyazobenzene 11.50 

2-Cyanofuran 5.63 
Cyanohemoglobin 7.13 

4-Cyanophenol 4.112 

4-Cyanophenoxide ion 4.158 

2-( 4-Cyanophenyl)-3-( 4-dimethylaminophenyl)-I,4-
dioxene 2.184 

2-(4-Cyanophenyl)furan 5.26 

m-Cyano-a,~,~-trimethy Istyrene 3.111 

p-Cyano-a,~,~-trimethy Istyrene 3.112 

Cyc1obutane, (1-cyc1opropylethylidene)- 2.94 

Cyc1obutane, (cyc1opropylmethylene)- 2.95 

Cyc1obutane, (dicyc1opropylmethylidene)- 2.96,2.49,2.50, 

2.94,2.95,2.151,2.168,2.169,2.333,2.334,2.335,3.113 

1 ,3-Cyc1obutanedithione, 2,2,4,4-tetramethyl- 13.60 

Cyc1obutanethione,2,2,4,4-tetramethyl- 13.61 

Cyc1obutanone,2,2,4,4-tetramethyl-3-thioxo- 13.62 

Cyc1obutendiylium, 1 ,3-bis[ 4-( diethy lamino)-2-
hydroxyphenyI]-2,4-dihydroxy- 11.46, 12.66 

Cyc1obutendiylium, I,3-bis[4-(dimethylamino)-2-
methylphenyl]-2,4-dihydroxy- 11.47 

Cyc1obutendiylium, I,3-bis[4-(N-methyl-N
octadecylamino)-2-methylpheny1]-2,4-dihydroxy-
11.48 

Cyclobutene, I-tert-butyl- 2.97 
Cyclobutene, I-methyl- 2.98 

2-(Cyclododecylidene )ethanol 2.215 

I,3-Cycloheptadiene 2.99 
Cyc1oheptane, ethylidene- 2.100 

Cycloheptane, methylene- 2.101 

Cycloheptene, I-methyl- 2.102 

I,3-Cyc1ohexadiene 2.103 

1,3-Cyclohexadiene, 5 ,6-bis( 1-methy lethy lidene)- 2.104 

1,3-Cyc1ohexadiene. I-methyl-4-(1-methylethyl)- 2.]05 

1,3-Cyclohexadiene,2-methyl-5-(l-methylethyl)- 2.106 

l,4-Cyc1ohexadiene, I-methy 1- 2.107 

2,<1· Cyc1ohexadien-l-one, 6,6-dimethyl- 2.108 

2,5-Cyc1ohexadien-l-one, 4-[[4-(diethylamino )-2,5-
dimethy Ipheny 1 ]imino ] -3,5-dimethy 1- 11.49 

2,5 Cyclohexadien-<1-one, 4,4'-(1,2-
ethanediy lidene )bis[2,6-bis( 1, I-dimethy lethy 1)-
17.12 

2,5-Cyc1ohexadien-4-one, 1,2-ethanediylidenebis[3-[2-
hydroxy-5-methyl-3-(1,I-dimethylethy1)benzyl]-
5-(1,1-dimethylethyl)]- 17.11 

Cyclohexanamine, N X' -f dithiobis[(5-ethyl-2,3-
thiophenediy 1 )methy lidyne] ]bis- 13.63 

Cyc1ohexanamine, N-[[(5-methyl-2-(methylthio)~3-
thienyl]methylene]- 13.64 

Cyclohexane 17.13 

Cyc1ohexane, cyc1ohexylidene- 2.109 

Cyc1ohexane-d12 17.14 

Cyc1ohexane, I ,4-dichloro-l ,4-dinitroso-, (E)- 15.16 

Cyc1ohexane, 1 ,4-dichloro-I ,4-dinitroso-, (2)- 15.17 

Cyclohexane, ethylidene- 2.110 

Cyclohexane, (hydroxymethylene)-, acetate 2.111 

Cyclohexane, methylene- 2.112,2.101,2.153 

1,3-Cyclohexanedione, 5,5-dimethyl- 17.15 

Cyc1ohexanol,2-(cyclohexylidene)- 2.113 

Cyclohexanone, 2-cyclohexylidene- 2.114 

Cyc1ohexanone,5-methyl-2-(I-methylethenyl)- 2.115 

Cyclohexene 2.116,2.45,2.123,2.263 

Cyclohexene, I-tert-butyl- 2.97,2.98,2.102,2.122,2.138, 

2.157,2.161 

Cyc1ohexene, I,2-dimethyl- 2.117,2.161 

Cyclohexene, I,3-dimethyl- 2.118 

Cyc1ohexene, I,4-dimethyI- 2.119 

Cyclohexene, 2,3-dimethyl- 2.120,2.156 

Cyc1ohexene, 4-( I-hydroxy-l-methylethyl)-l-methyl-
2.121 

Cyc1ohexene, I-methyl 2.122,2.11,2.21,2.120,2.153, 2. It,: 

2.236, 2.237, 2.238, 2.239, 2.243, 2.309, 2.326, 2.327 

Cyclohexene,4-methyl- 2.123 

Cyc1ohexene, I-methyl-4-(1-methylethenyl)-, (R)- 2.12-1. 
13.8, 13.52, 13.97, 13.119, 13.136 

Cyc1ohexene, I-methyl-4-(1-methylethyl)- 2.125 

2-Cyclohexene-l-thione,3,5,5-trimethyl- 13.65 

Cyclohexen-l-ol, 6,6-dimethyl-, acetate 2.126 
2-Cyclohexen-l-one,2-ethyl-3-methyl- 2.127 

2-Cyclohexen-I-one, 2-hydroxy-3-methyl- 2.128 

Cyclohexylamine 8.17 

Cyclohexylamine[2,2' ~thiobis(3,4-
dimethy Iphenolato )]nickel(II) 12.130 

Cyclohexylamine[2.2' -thiobis[4-(1.1.3.3-
tetramethy 1 buty 1) ]phenolato ]nickel (ll) 12.131 

4-Cyclohexylaminodiphenylamine 9.28 

1-[(C:yclohexylamino)methylenel-5-ethyl-2-
thiophenethione 13.170 

l-Cyc1ohexylamino-4-phenylaminobenzene 9.28 
(Cyc1ohexylidene)cyc1ohexane 2.109 

2-(Cyc1ohexylidene )cyclohexanol 2.113 

2-(Cyc1ohexy lidene )cyc1ohexanone 2.114 

2-(Cyclohexy lidene )ethanol 2.216 

Cyc10hexylidenemethyl acetate 2.255 

N-Cyclohexy lpiperidine 8.56 
. 1,3-Cydum.:tiiOkm::. 2.129 

l,4-Cyclooctadiene, 6-hydroperoxy- 2.130 

l,4-Cyc1ooctadiene, 6-methoxy- 2.131 

l,4-Cyclooctadiene, 6-(trimethylsiloxy)- 2.132 

I,5-Cyc1ooctadiene 2.133,2.137 

2,5-Cyclooctadien-I-ol 2.134 
Cyc1ooctane, ethylidene- 2.135 
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Cyclooctatetraene 2.136 

1,3,5,7-Cyclooctatetraene 2.136 
Cyclooctatetraene dibromide 2.32 
Cyclooctene 2.137 
Cyclooctene, I-methyl- 2.138 
2-(Cyclooctylidene )ethanol 2.217 

Cyclooctyne 2.139 
Cyclopenta[b] [1 ]benzopyran, 2-pheny 1- 5.8 

Cyclopentadiene 2.140 
1,3-Cyclopentadiene, 1,4-bis(4-chlorophenyl)- 2.141 
1,3-Cyclopentadiene, 1 ,4-bis( 4-fluorophenyl)- 2.142 
1,3-Cyc1opentadiene, 1 ,4-bis( 4-methoxyphenyl)- 2.143 
1,3-Cyc1opentadiene, 1 ,4-bis( 4-methylphenyl)- 2.144 
1,3-Cyclopentadiene, 1 -:-( 4-chloropheny 1 )-4-(4-

methoxyphenyl)- 2.145 
1,3-Cyclopentadiene, 1-( 4-chlorophenyl)-4-phenyl- 2.146 
1,3-Cyclopentadiene, l,4-diphenyl- 2.147 

1,3-Cyclopentadiene, 1-( 4-methoxyphenyl)-4-phenyl-
2.148 

1,3-Cyclopentadiene,5-(I-methylethylidene)- 2.149 

1,3-Cyclopentadiene, 5,.( I-methylethy lidene ), .. , endoperox-
ide 2.150 

Cyclopentadienone, tetraphenyl- 3.60 
Cyclopentane, (dicyclopropylmethylidene)- 2.151 
Cyclopentane, ethylidene- 2.152 
Cyclopentane,· methylene- 2.153 
Cyclopentanone, 2-cyclopentylidene- 2.154 
Cyclopentanone, 2-(l-IIiethylethenyl)- 2.155 
Cyclopenta[b]quinoline,4-methyl-l,2-diphenyl- 6.4 
Cyclopentene· 2.156, 2.244 
Cyclopentene, I-tert-butyl- 2.157 
Cyclopentene, 1,2-dimethyl- 2.158 

Cyc1opentene,·.1,5-dimethyl- 2.159 
Cyclopenteiuh I-methoxy- 2.160 

Cyclopentene, l·methyl- 2.161,2.22,2.122 

2-Cyclopentene-l-thione, 3-(4-methoxyphenyl)- 13.66 
2-Cyclopenten-l-one, 2-acetoxy-3-mcthyl- 2.163 

2-Cyclopenten-l-one, 3-acetoxy-2-methyl- 2.164 

2-Cyclopenten-l ~one, 2,3-dimethyl- 2.165 
2-Cyclopenten-l-one, 2-ethyl-3-methyl- 2.166 

2-Cyclopenten-l-one, 3-methoxy-2-methyl- 2.167 
2-Cyclopenten-l-one,3-methYI-2-pentyl- 2.162 

2-Cyclopenty lidenecyclopentanone 2.154 
2-(Cyclopentylidene )ethanol 2.218 
Cyclopropane, (cyclopropy lcyclopropylidenemethy 1)-

2.168 
Cyclopropane, (dicyclopropylmethylidene)- 2.168 
Cyclopropane, 1,I-di-l-propenyl-2.333, 2.334 
Cyclopropane, 1,I',I'f -(I-ethenyl;..2-ylidene)tris- 2.169 

Cyclopropane, (l-methy lethylidene)- 2.170 
Cyclopropane, 1-methyl-1-propenyl- (E) 2.49 

Cyclopropane, (2-methy I-1-propeny1)- 2.335 

Cyclopropanecarboxylic acid, 2,2-dimethyl-3-(2-methyl-l
propenyl), ester with 5-(phenylmethyl)-3-
furanmethanol 5.76 . 

trans-2~Cyclopropyl-2-butene 2.49 
(l-Cyclopropylethylidene )cyclobutane 2.94 
2-(Cyclopropylidene )propane 2.170 

2-Cyc1opropy 1-3-methyl-2-butene 2.50 

(Cyclopropylmethy lene )cyc1obutane 2.95 
l-Cyc1opropyl-2-methyl-l-phenylpropene 3.113 
l-Cyc1opropyl-2-methylpropene 2.335 

<x-Cyclopropy l-~,~-trimethylstyrene 3.113 
Cysteamine 13.93 
Cysteine 13.67, 13.50, 13.69 

L-Cysteine, N-acetyl- 13.69 

L-Cysteine, N··acetyl-, negative ion 13.70 
Cysteine, negative ion 13.68 

5-S-Cysteinyldopa 4.71 

Cytidine 16.18 
Cytidine monophosphate 16.19 

Cytidine 5' -monophosphate 16.19 
5'-Cytidylic acid 16.19 
Cytochrome a 10.10 
Cytochrome a3 10.10 
Cytochrome aa3 10.10 
Cytochromeb 10.8 

Cytochrome b2 '10.8 
Cytochrome C (ferro) 10.9 
Cytochrome C oxidase 10.10 
Cytosine 16.20 
Daunomycin 4~79 

Daunorubicin 4.79 

1,6-Decadiene, 2,6,9-trimethyl-, (E)- 2.171 
1,6-Decadiene, 2,6,9-trimethyl-, (Z)- 2.172 

Decanedioic acid, bis(2,2,6,6-tetramethy Ipiperidin-4-y 1) 
. ester' 8.78 

Dccaprcno-~-carotcne 2.230 

7 -Dehydroandrosterone-3-acetate 16.5 

Dehydrogenase,3-hydroxybutyrate 10.11 
Dehydrogenase, nicotinamide adenine dinucleotide 

(reduced) 10.12 
Dehydrogenase, succinate 10.13 

16-Dehydropregnenolone-3-acetate 16.61 
Dehydrostobadine 6.58 
Deoxyadenosine monophosphate 16.21 
2'-Deoxyadenosine 5'-monophosphate 16.21 
Deoxyadenylic acid 16.21 
2'-Deoxy-5'-adenylic acid 16.21 
Deoxycytidine monophosphate 16.22 
2' -Deoxycytidine..;5'-monophosphate 16.22 
Deoxycytidylic acid 16.22 
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2'-Deoxy-5'-cytidylic acid 16.22 Diazene, 1-(4-diethylaminophenyl)-2-(2A-dinitrophen\ I 

2' -Deoxyguanosine 16.37 11.52 
2' -Deoxyguanosine 5'-monophosphate 16~23 
Deoxyguanylic acid 16.23 
Deoxyribonucleic acid 16.24 
3' -Deoxythymidine 5.' -monophosphate 16.25 
Deoxythymidine 5'-monophosphate 16.25 
Deuterium peroxide 14.6 
Deuteroporphyrin, dimethyl ester 7.94 
5-Deutero-l,3,5-triphenyl-2-pyrazoline 11.123 
4A'-Diacetamidostilbene-2,2'-disulfonate ion 3.106 
2,3-Di{ 4-acetaminophenyl)-1 A-dioxene 2.185 
3,5-Diacetyl-1 A-dihydro-2,6-dimethylpyridine 6.42 
3,5-Diacetyl-l A-dihydropyridine 6.41 
3,6-Diaminoacridine 11.1 
1,2-Diaminoanthraquinone 11.3, 11.4, 11.5, 11.8, 11.9, 11. 10, 

11. 11, 11. 13, 11. 14 

1 A-Diaminoanthraquinone 11.8 
1,5-Dinrninonnthrnquinone 11.9 

1,8-Diaminoanthraquinone 11.10 
2,6-Diaminoanthraquinone 11.11 
1,2-Dia1lliuoutau;.em:: 9.25 

4A'-Diaminobiphenyl 9.23 
1,5-Diaminobromo-4,8-dihydroxyanthraquinone 11.12 
Diaminocercosporin 16.56 
Diaminodiphosphopyridine nucleotide, reduced 16.42 

1,4-Diamino-2-methoxyanthraquinone 11.13 
3,6-Diamino-I O-methylacridinium 11.2 

3,7-Diaminophenothiazinium 11.114 
4A'-Diaminostilbene-2,2'-disulfonate ion 3.107 
2,5-Di-tert-amylhydroquinone 4.16 
8,8'-Diapo-'JI-carotendioic acid, bis(6-0-~-D-

glucopyranosyl-~-D-glucopyranosyl) ester 2.173 
. 6,6' -Diapo-V, v-carotenedioic acid 2.174 
6,6'-Diapo-v,'JI-carotenedioic acid, dimethyl ester 2.175 
6,6'-Diapo-v,v-carotenedioic acid, dimethyl ester, 9-cis-

2.176 
6,6'-Diapo-'JI,'JI-carotenedioic acid, monomethyl ester, 9-

cis- 2.177 

8,8' -Diapocarotenedioic acid 2.93 
8,8' -Diapocarotenedioic acid, mono(6-0-~-D-

glucopyranosyI-~-D-glucopyranosyl) ester 2.178 
9-cis-6,6' -Diapo-'I','JI-carotenedioic acid 2.179 
Diaquabis( acety lacetonato )manganese(III) ion 12.9 
2,3-Diazabicyclo[2.2.1 ]heptane, 2,3-dimethyl- 8.18 
1,4-Diazabicyclo[2.2.2]octane 8.19 
2,3-Diazabicyclo[2.2.2]oct-2-ene, l,4-dichloro-, 2,3-

dioxide 15.18 
Diazene, 1-[4-N-(2-cyanoethyl)-N-ethylaminophenyl]-2-(4-

methoxyphenyl)- 11.50 
Diazene, 1-[4-N-(2-cy anoethy 1 )-N -ethy Jaminopheny 1]-2-

phenyl- 11.51 

Diazene, 1-( 4-diethylaminopheny 1)-2-( 4-methoxyphcm I 
11.53 . 

Diazene, 1-( 4-diethylaminophenyl)-2-(3-nitrophenyl)-
11.54 

Diazene, 1-( 4-diethy laminopheny 1)-2-( 4-nitropheny))
ll.SS 

Diazene, 1-(4-diethylaminophenyl)-2-phenyl- 11.56, 11 

11.90, 11.102 

Dinzene, diphenyl- 11.57 

Diazene, 1-[4-N-ethyl-N-(2-hydroxyethyl)aminophenyl\ . 
(4-methoxyphenyl)- 11.58 

Diazene, 1-( 4-methoxy-I-naphthyl)-2-phenyl- 11.59 
Diazene, 1-( 4-methylpheny 1)-2-[ l-(pheny laminocarboll) I 

2-oxopropyI]- 11.60 
Diazene, 1-(4-nitrophenyI)-2-phenyl- 11.61 
Diazene, I-phenyl-2-[1-(pheny laminocarbonyl)-2-

oxopropyl]- 11.62 
Diazobis(2,4,6-trimcthy lphcnyl )mcthanc 11 • .19 

Diazo( 4-bromopheny 1 )pheny lmethane 11.15 
Diazodi(4-chlorophenyl)methane 11.17 
Diazudi( 4-methylphenyl)methane 11.18 

Diazodiphenylmethane 11.16,11.15,11.17,11.18,11.20 

9-Diazofluorene 11.63 
Diazo( 4-methoxyphenyl)phenylmethane 11.20 
1,2,5,6-Dibenzanthracene 3.61 
Dibenz[ a,h ]anthracene 3.61 
Dibenzo[3A:5,6][2]benzopyrano[7 ,8, I-mna]xanthene 3.211 

Dibenzo[fg, uv ]naphtho [2,3-c ]pentaphene-9, 19-dione, 
1,2,3,4,11,12,13,14-octahydro- 3.62 

Dibenzo[ a,j]pery lene 3.63 
Dibenzo[ a,o ]pery lene 3.67 
Dibenzo[a,o]perylene,7,16-diphenyl- 3.64 
Dibenzo[ aj]pery lene-8, 16-dione 3.68 
1,2,7,8-Dibenzoperylene-3,9-quinone 3.68 
Dibenzo[ de,g ]quinoline-2,9-diol, 5,6,6a, 7-tetrahydro-l, 1 () 

dimethoxy-6-methyl- 8.20 
Dibenzo[ de,g ]quinoline-2,9-diol, 5,6,6a,7 -tetrahydro-

1,2,9,lO-tetramethoxy-6-methyl- 8.21 
3,5-Dibenzoy 1-1 ,4-dihydro-2,6-dimethy lpyridine 6.43 
4-(Dibenzoy lmethy lene )amino-3,N ,N-triethy laniline 

11.116 
N,N-Dibenzylhydroxylamine 15.11 
Dibenzyl sulfide 13.71 
2,5-Dibromofuran 5.27 
(£,E)-1 A-Di(tert-butoxy )-1 ,3-butadiene 2.36 
(E,Z)-l ,4-Di(tert-butoxy )-1 ,3-butadiene 2.37 
(Z,Z)-l A-Di( tert-butoxy )-1 ,3-butadiene 2.38 
3,5-Di-tert-butylcatechol 4.7 
2,6-Di-tert-butyl-4-chlorophenol 4.110 

2,6-Di-tert-butyl-p-cresol 4.102,4.99,4.116,4.117,4.118, 

4.147 
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2,5-Di-tert-butylfuran 5.28 

2,5-Di-tert-butylhydroquinone 4.14 

3,5-Di-tert-butyl-4-hydroxybenzy 1 alcohol 4.32 

2-(3',5' -Di-tert-butyl-2' -hydroxyphenyl)-5-
chlorobenzotriazole 4.109 

3,5-Di-tert-butyl-4-hydroxyphenyl propionate 4.15 

3,5-Di-tert-butyl-4-hydro.xytoluene 4.102,4.99,4.116,4.117, 
4.118,4.147 

1,1-Di-tert-butyl-2-methoxyethene 2.353,2.355 

2,4-Di-tert-butyl-5-methoxyphenol 4.100 

2,6-Di-tert-buty l-4-methoxyphenol 4.101 

2,6-Di-tert-butyl-4-methylanisole 3.29 

2,6-Di-tert-butyl-4-methylphenol 4.102,4.99,4.116,4.117, 
4.118, 4.147 

2,6-Di-tert-butylphenol 4.99,2.280 

2',4' -Di-tert-butylphenyl 3,5-di-tert-butyl-4-
hydroxy benzoate 4.38 

Dibutyl sulfide 13.72 

Di-2-butyl sulfide 13.73 
Di-sec-butyl s.ulfide. 13.73 

Di-tert-butyl sulfide 13.74 

Di-tert-butylthioketene 13.165 

Di-tert-butylthioketone 13.117 

2,6-Dichloroanisole 3.37 

9,10-Dichloroanthracene 3.7 

1,3-Dichlorobenzene 3.35 

l,4-Dichlorobenzene 3.36 

1,4-Dichloro-2,3-diazabicyclo[2.2.2]oct-2-ene-2,3-dioxide 
15.18 

5,5' -Dichloro-3,3-diethyl-2,2' -thiacarbocyanine bromide 
11.163 

cis-l,4-Dichloro-1 ,4-dinitrosocyclohexane 15.17 

trans-1 ,4-Dichloro-1 ,4-dinitrosocyclohexane 15.16 

5,5' -Dichloro-1, 1 ',3,3,3' ,3' -hexamethyltricarbocyanine, 
iodide 11.178 

Dichloromethane 17.16 

Dichloromethane-d2 17.17 

2,4-Dichlorophenol 4.113 

2,6-Dichlorophenol 4.114 

2,4-Dichlorophenoxide ion 4.159 
2,6-Dichlorophenoxide ion 4.160 

2,3-Di(3-chlorophenyl)-1,4-dioxene 2.186 

2,3-Di( 4-chlorophenyl)-1 ,4-dioxene 2.187 

Dichloro[5,10,15,20-tetrakis(4-
sulfonatopheny 1 )porphinatostannate(lV) ion 7.58 

Dichloro(5,10,15,20-tetraphenylporphinato)tin(IV) 7.64 

4,4' -Dichlorothiobenzophenone 13.159 

5,5' -Dichloro-3,9,3' -triethyl-2,2' -thiacarbocyanine 
bromide 11.164 

5,5'-Dicyano-3,9,3' -triethyl-2,2'-thiacarbocyanine 
tetrafluoroborate 11.165 

3,5-Dicyclohexyloxycarbonyl-l ,4-dihydro-2,6-
dimethy lpyridine 6.46 

Dicyclopentadienyliron 12.144 

Dicyclopentadienylnickel 12.165 

(Dicyclopropylmethy lidene )cyclobutane 2.96,2.49, 2.50, 
2.94,2.95,2.151,2.168,2.169,2.333,2.334,2.335,3.113 

(Dicyc1opropylmethylidene )cyc1opentane 2.151 

(Dicyc1opropylmethylidene )cyc1opropane 2.168 

1,I-Dicyc1opropyl-2-methylpropene 2.334 

1,1-Dicyclopropylpropene 2.333 

3,4-Didehydro-9-ethenyl-14-ethyl-21-(methoxycarbonyl)-
4,8,13,18-
tetramethyl-20-oxo-3-phorbinepropanoatomagnesate, 
hydrogen 7.37 

1,4-Di( 4,4' -dimethoxypheny 1 )-1 ,3-butadiene 2.35 

2,3-Di( 4-dimethylaminopheny 1)-1 ,4-dioxene 2.188 

Didodecy lamine [2,2' -thiobis(3,4-
dimethylphenolato)]nickel(n) 12.132 

2,5-Di-sec-dodecylhydroquinone 4.17 

4a,9a:9, 1 O-Diethenoanthracene, 1,4,9,1 O-tetrahydro- 2.181 
4a,9a:9,10-Diethenoanthracene, 1,4,9,10-tetrahydro-5,S-

dimethoxy- 2.180 

2,17-Diethenyl-1,10,19,22,23,24-hexahydro-3,7,13,18-
tetramethyl-1, 19-dioxobiline-S, 12-dipropanoic acid 
7.5,7.6,3.60 

2,17-Diethenyl-1 ,19,22,24-tetrahydro-3,7 ,13,lS
tetramethy 1-1, 19-dioxobiline-S, 12-dipropanoic acid 
7.7 

7 , 12-Diethenyl-3,S, 13, 17-tetramethylporphine-2,lS
dipropanoatozincate(ll) 7.81 

7, 12-Diethenyl-3,S, 13,17-tetramethylporphine-2,lS
dipropanoic acid 7.73 

7,12-Dietheny 1-3,S, 13,17 -tetramethy Iporphine-2, IS
dipropanoic acid, dimethyl ester 7.78 

3,5-Diethoxycarbonyl-l,4-dihydro-2,6-dimethylpyridine 
6.47 

3,5-Diethoxycarbonyl-l ,4-dihydro-2,6-dipheny Ipyridine 
6.50 

3,S-Dicthoxycarbonyl-l ,4-dihydro-2,4,6-trimcthylpyridinc 
6.51 

3,5-DiethoxycarbonyI-2,6-dimethylpyridine 6.52 
3,4-Diethoxycarbonylfuran 5.62 

1,I-Diethoxyethene 2.221 

cis-1 ,2-Diethoxyethene 2.223, 2.222 

(£)-1,2-Diethoxyethene 2.222 

trans-1,2-Diethoxyethene 2.222 

(2)-1,2-Diethoxyethene 2.223, 2.222 

Diethy lamine 8.27 

4-(Diethylamino)azobenzene 11.56, 11.53, 11.90, 11.102 

4-Diethylaminobenzaldehyde diphenylhydrazone 15.4 

7 -(Diethylamino )coumarin 5.6 

4-(4'-Diethylamino-2',6'-dimethylphenyl)imino-3-
(benzoy lamino )-I-phenyl-2-pyrazolin-5-one 11.138 

I D .... ,.,. ,........... D ... f n....... \/",1 ')... ...... ') .. ooa:; 
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4-(4' -Diethylamino-2',6' -dimethylphenyl)imino-3-methyl
I-phenyl-2-pyrazolin-5-one 11.140 

4-(4' -Diethylamino-2',6' -dimethylphenyl)imino-3-(2-
methyl-2-propyl)-1-phenyl-2-pyrazolin-5-one 11.139 

4-(Diethylamino)-2',4'-dinitroazobenzene 11.52 

2-(Diethylamino )ethanol 8.23 

Diethyl(7-aminoheptyl)amine 8.31 

2-(Diethylamino)-4-hydroxy-6-methylpyrimidine 16.68 

4-(Diethylamino )-4' -methoxyazobenzene 11.53 

l-(Diethy lamino )-2-methy lacety lene 8.87 

7 -(Diethylamino )-4-methy1coumarin 5.7 

4-( 4'-Diethylamino-2' -methylphenyl)imino-3-methyl-l
phenyl-2-pyrazolin-5-one 11.144 

4-(4' -Diethylamino-2' -methylphenyl)imino-3-(2-methyl-2-
propyl)-I-phenyl-2-pyrazolin-5-one 11.141 

4-(Diethylamino)-3'-nitroazobenzene 11.54 

4-(Diethylamino)-4'-nitroazobenzene 11.55 

4-(4'-Diethylaminophenyl)imino-3-methyl-I-phenyl-2-
pyrazolin-5-one 11.147 

N ,N-Diethylbenzenemethanesulfenamide 13.35 

1, I' -Diethy 1-4,4' -carbocyanine 11.42 

1, l'-Diethyl-2,2'-carbocyanine chloride 11.41 

1, I' -Diethy 1-4,4' -carbocyanine toluenesulfonate 11.43 

1,1'-DiethyI-2,2'-cyanine iodide 11.45 

Diethyl(2-cyanoethyl)amine 8.81 

3,3' -Diethyl-4,5,4',5'-dibenzo-2,2'-thiacarbocyanine 
toluenesulfonate 11.107 

3,3'-Dicthyl-4,5,4',5'-dibcnz;o-2,2'-thiClcYCllline chloriue 
11.105 

Diethyl 1,4-dihydro-2,4,6-trimethyl-3,5-pyridine
dicarboxylate 6.51 

3,3' -Diethyl-5,5' -dimethoxy-2,2'-thiacarbocyanine 
toluenesulfonate 11.167 

1 ,2-Diethy 1-1 ,2-dimethy lhydrazine 8.33 

N,N-Diethyl-3,5-dimethyl-4-( 4' -oxo-2',6'-
dimethylcyclohexadienyliden)aminoaniline 11.49 

Diethyl 2,6-dimethyl- 3,5 pyridinedicarbexylate 6.52 

Dietbyl 2,4-dimethylpyrrole-3,5-dicarboxylate 6.66 

3,3' -Diethyl-8,I O-dimethyl-2,2'-thiacarbocyanine 
toluenesulfonate 11.168 

Diethyl disulfide 13.75 

3,3'-Diethyl-8,1 O-ethanediyl-2,2' -thiacarbocyanine 
toluenesulfonate 11.169 

N ,N-Diethylethanolamine 8.23 

Diethyl 3,4-furandicarboxylate 5.62 
N,N-Diethyl-l,7-heptanediamine 8.31 

2,17-Diethyl-l,lO,19,22,23,24-hexahydro-3,7,13,18-
tetramethyl-I,19-dioxobiline-8,12-dipropanoic acid 
7.9 

Diethyl(2-hydroxyethyl)amine 8.23 

N ,N-Diethylhydroxylamine 15.23 
O,N-Diethylhydroxylamine 15.21 

N,N-Diethylhydroxylammonium ion 15.24 

(E,Z)-4,5-Diethylidene-2,2-dimethyl-I,3-dioxolane 2. J 1)7 

(Z,Z)-4,5-Diethylidene-2,2-dimethyl-I,3-dioxolane 2.1 % 

Diethyl(2-methoxyethyl)amine 8.25 

N,N-Diethyl-3-methyl-4-[N-
(phenylaminocarbonyl)pivaloyimethylene]amino;llll' 
11.111 

3,3' -Diethyl-2,2' -oxatricarbocyanine iodide 11.109 

N,N-Dietbyl-4-[N-
(pheny laminocarbony l)pivaloylmethy lene] aminoa III: 
11.112 

3,3' -Diethyl-8,9-(1,3-propanediy\)-2,2' -thiacarbocyaninr 
iodide 11.170 

Dietbyl sulfide 13.76 

7 ,12-Diethyl-3,8,13,I7-tetramethylporphine-2, 18-
dipropanoatocobaltate(ll), dimethyl ester 7.86 

7, 12-Diethyl-3,8, 13, 17-tetramethylporphine-2,18-
dipropanoic acid, cobalt(lI) 7.82 

7,12-Diethyl-3,8,I3,I7-tetramethylporphine-2,18-
dipropanoic acid, dimethyl ester 7.85 

3,3' -Dietbyl-2,2' -thiacarbocyanine toluenesulfonate 11. J hI, 

3,3' -Diethyl-2,2' -thiadicarbocyanine iodide 11.173 

3,3' -Diethyl-2,2' -thiatricarbocyanine iodide 11.174 

5,7-Diethyltocol 4.45 

5,5' -Difluoro-l, }',3,3,3',3' -hexamethyltricarbocyanine, 
iodide 11.179 

2,5-Di-sec-hexadecy Ihydroquinone 4.18 

3,5-Dihexyloxycarbonyl-l ,4-dihydro-2,6-dimethylpyridil1l' 
6.48 

2,4-Dihydro-4-( 4-aminophenyl )irnino-5-methy 1-2-
phenylpyrazol-3-one 11.133 

2,4-Dihydro-2-( 4-bromopheny 1)-4-( 4-diethylamino-2-
methylphenyl)imino-S-methylcarbamylpyrazol-3-ol1l o 

11.135 

2,4-Dihydro-2-(3-chlorophenyl)-4-(4-diethylamino-2-
methylphenyl)imino-5-methylcarbamylpyrazol-3-onr 
11.136 

2,4-Dihydro-2-(4-chlorophenyl)-4-(4-diethylamino-2-
merhylphenyl)imino-.5-merhylcarbamylpyrazol-3-ollc 
11.137 

2,4-Dihydro-4-(4-diethylamino-2-methylphenyl)imino-5-
methylcarbClmy 1-2-(3-mcthoxypheny 1)pyrClzo}-3-one 
11.142 

2,4-Dihydro-4-( 4-diethylamino-2-methy Ipheny 1)imino-5-
methylcarbamyl-2-(3-methylphenyl)pyrazol-3-one 
11.143 

2,4-Dihydro-4-(4-diethylamino-2-methylphenyI)imino-5-
methylcarhamyl-2-(4-nitrophenyl)pyrazol-3-one 
11.145 

2,4-Dihydro-4-(4-diethylamino-2-methylphenyI)imino-5-
methy1carbamyl-2-phenylpyrazoI-3-one 11.128 

2,4-Dihydro-4-( 4-diethy lamino-2-methylpheny 1 )imino-5-
methy lcarbamy 1-
2-(2,4,6-trichlorophenyl)pyrazol-3-one 11.146 

2,4-Dihydro-4-(4-diethylamino-2-methylphenyl)imino-5-
methyl-2-phenylpyrazol-3-one 11.144 
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2,4-Dihydro-4-( 4-diethylaminopheny I )imino-5-methyl-2-
pheny Ipyrazol-3-one 11.147 

2,4-Dihydro-4-(4-dimethylaminophenyl)imino-5.-methyl-2-
phenylpyrazol-3~one 11.150 

1 ,4-Dihydro~2,6-dimethyl-3,5-di( 1-
methylethoxycarbonyl)pyridine 6.49 

1,4-Dihydro-2,6-dimethyl-3,5-
diphenylaminocarbonylpyridine 6.44 

2,3-Dihydro-4,5-dimethy lfuran 5.30 

4,4' -(4,7 -Dillydro-5,6-dimethylisobenzofuran-l ,3-
diyl)bis(benzene-p":decanoate ion) 5.81 

2-[7-(1,3-dihydro-l,l-dimethyI- 3-(sulfobutyl)benz[e]indol
. 2-ylidene]-1,3,5-heptatrienyl]-I,I-dimethyl- 3-

(sulfobutyl)benz[e]indolium, hydroxide, inner salt, Na 
salt 11.29 

2-[2-[3-[[1,3-dihydro-l,l-dimethyl-3- (3-
sulfopropyl)benz[e]indoI-2-ylidene]ethylidene]- 2-[4-
(ethoxycarbonyl)-l-piperidinyl]- l-cyclopenten-l
yl]etbenyI[ -1, I-dimethyl- 3-(3-
sulfopropyl)benz[e]indolium, hydroxide, inner salt, 
compound with triethylamine 11.30 

2,3-Dihydro-l,4-dioxin 2.183,2.122,2.222,2.223,2.224, 
3.101,5.90 

4,5-Dihydro-l ,5-dipheny 1-3-(2~phenylethenyl)pyrazole 
11.119 

2,4-Dihydro-4-[ 4-[ethyl (2-hydroxyethy 1 )amino]-2-
methylphenyl]imino-5-
methyl-2-phenylpyrazol-3-one 11.129 

1 ,4-Dihydro-l ~ethyl-7 -methyl-4-oxo-l ,8-
naphthyridine-3-carboxylate ion 16.46 

1 ,4-Dihydro-l-ethyl-7 -methyl-4-oxo-l ,8-
naphthyridine-3-carboxylic acid 16.45 

2,3-Dihydrofuran 5.29,7.59 

14, 15-Dihydro-14-hydroxy-ebumamenine-14-carboxy lic 
acid, methyl ester 8.100 

2,4-Dihydro-4-[4-[(2-
hydroxyethyl)ethylamino]phenyl]imino-5-methyl-2-
phenylpyrazol-3-one 11.130 

2,3-Dihydro-5-hydroxy-2,2,4,6, 7 -pentamethy lbenzofuran 
4.36 

2,3-Dihydro-5-hydroxy-2,4,6, 7 -tetramethylbenzofuran 4.37 

3,4-Dihydro-6-hydroxy-2,5, 7 ,8-tetramethylbenzopyran-2-
propionic acid 4.66 

3,4-Dihydrojasmone 2.162 

Dihydrolipoate ion 13.115 

Dihydroluteolin 4.59 

4,5-Dihydro-5-( 4-methoxyphenyl)-3-[2-( 4-
methoxyphenyl)ethenyl]-I-phenylpyrazole 11.120 

2,3-Dihydro-5-methylfuran 5.31 

4,5-Dihydro-2-methylfuran 5.31 

2,4-Dihydro-4-[ 4-[ (2-methylsulfamylethyl)ethylamino]-2-
methylphenyl]imino-5-
methyl-2-phenylpyrazol-3-one 11.78 

3,4-Dihydro-l-methyl-l-(4,8,12-trimethyltridecyl)-1-
benzopyran-6-o1 4.48 

Dihydronicotinamide adenine dinucleotide 16.48 

3,4-Dihydro-2,2,5, 7 ,8-pentamethylbenzopyran-6-o1 4.49 

Dihydroperoxy-2,6,1 O-trimethyl-2,6, 10-dodecatriene 2.208 

Dihydropyran 5.90 

2,3-Dihydropyran 5.90 

3,4-Dihydropyran 5.90 

Dihydroquercetin 4.63 

1,4-Dihydro-2,4,6-trimethyl-3,5-
diphenylaminocarbonylpyridine 6.45 

4,5-Dihydro-l,3,5-triphenylpyrazole 11.121,11.122,11.123, 
11.124, 11.125, 11.126, 11.127 

1,8-Dihydroxy-9-anthrone 4.2 

1,8-Dihydroxy-9-anthrone, conjugate base 4.3 

1,2-0ihydroxyhenzene 4.4 

1,3-Dihydroxybenzene 4.10 

1,4-Dihydroxybenzene 4.12 

1,4· Dihydroxybenzene ion(2) 4.13 

2,2' -Dihydroxybiphenyl 4.128 

2,2'-Dihydroxybiphenyl, conjugate base 4.166 
2,5-Dihydroxybiplu:nyl 4.30 

2,5-Dihydroxybiphenyl, conjugate base 4.167 

2,3-Dihydroxy-l,4-butanedithiol (R* ,R*)(±) 13.50 

2,3-Dihydroxy-1,4-butanedithiol (R* ,S*) 13.49 

3,3' -Dihydroxy- ~-carotene-4,4' -dione 2.82 

3,4-Dihydroxycinnamic acid 4.68 

2,4-Di[2-hydroxy-4-( diethy 1 amino )pheny l]squarylium 
11.46, 12.66 

2,2'-Dihydroxydiethyl sulfide 13.164 

3,7-Dihydroxy-2-(3,4-dihydroxyphenyl)-1-benzopyran-4-
one 4.7S 

1,4-Dihydroxy-2,3-dimethylbenzene 4.22 

1,4-Dihydroxy-2,5-dimethylbenzene 4.23 

1 ,4-Dihydroxy-2,6-dimethylbenzene 4.24 

Di(2-hydroxyethyl)-tert-butylamine 8.26 

Di(2-hydroxyethyl)methy 1 amine 8.46 

5,7-Dihydroxyflavone 4.73 

Dihydroxylycopene 2.251 

1-3,4-Dihydroxy-a-(methylaminomethyl)benzyl alcohol 
4.9 

1.4-Dihydroxy(methy l)benzene 4.29 

2,4-Dihydroxy-5-methylpyrimidine 16.79 

1,5-Dihydroxynaphthalene 4.82 

1,6-Dihydroxynaphthalene 4.83 

1,7 -Dihydroxynaphthalene 4.84 

1,8-Dihydroxynaphthalene 4.85 

2,6-Dihydroxynaphthalene 4.86 

2,7-Dihydroxynaphthalene 4.87 

2,5-Di -( 4-hydroxy -3-nitropheny 1)-2,5-dimethy lpyrrolidin-
1-oxyl 15.54 

3 ,4-Dihydroxyphenethy lamine 4.5 

3-(3,4-DihydroxyphenyI)-L-alanine 4.183 

I Dh".. I"ho_ Cof n!:llt!:ll \lnl ?Ll lin ? 1oac:;; 



986 WILKINSON, HELMAN, AND ROSS 

(E)-2-(3,4-Dihydrox ypheny 1)-3 ,4-dihydro-l-benzopyran-
3,5,7-triol 4.67 

2,3-Di( 4-hydroxyphenyl)-1,4-dioxene 2.i89 

2-(3,4-Dihydroxyphenyl)-3,5,7-trihydroxy-l-benzopyran-4-
one 4.61 

Diindeno[5,6-a:5',6' -j]perylene-8,17-dione, 1,2,3,10,11,12-
hexahydro- 3.65 

Diisobutyl sulfide 13.77 

Diisopropylamine 8.29 

Diisopropyl sulfide 13.78 

Dimedone 17.15 

erythro-l ,4-Dimercapto-2,3-butanediol 13.49 

threo-l,4-Dimercapto-2,3-butanediol 13.50 

3,4-Dimercaptotoluene(2,2' -bipyridine )nickel(n) 12.153 

3,4-Dimercaptotoluene( 1,1 O-phenanthroline )nickel(ll) 
12.154 

3,4-Dimercaptotoluene( 1,1 O-phenanthroline )platinum(ll) 
12.155 

Dimesna dianion 13.91 

1,9:3,5-Dimethanocyclopenta[d]cyclopenta-
[3,4] [1 ,2]diazeto[ 1 ,2-a ]pyridazine, decahydro- 8.22 

Dimethirimol 16.66 

9,10-Dimethoxyanthracene 3.8 

1,2-Dimethoxybenzene 3.38 

1,3-Dimethoxybenzene 3.39 

1,4-Dimethoxybenzene 3.40 

1,4-Dimethoxybenzonorbornene 3.73 

endo-2,3-Di(methoxycarbonyl)-7 -
adamantylidenenorbornane 2.17 

exo-2,3-Di(methoxycarbonyl)-7-
adamanty lidenenorbornane 2.18 

1,3-Dimethoxy-4,6-di-tert-butylbenzene 3.28 

3,4-Dimethoxy-N,N-dimethylaniline 9.5 

1,4-Dimethoxy-9,10-diphenylanthracene 3.9 
1 ,2-Dimethoxy-I ,2-diphenylethene 3.101 

5,5' -Dimethoxy-l ,1',3,3,3',3' -hexamethy ltricarbocyanine, 
iodide 11.180 

5,6-Dimethoxyindole 6.9 

2,3-Dimethoxy-5-methyl-l,4-benzenediol 4.21 

2.3-Dimethoxy-5-methylhydroquinone 4.21 

2,6-Dimethoxyphenol 4.115 

2,6-Dimethoxyphenoxide ion 4.161 
2,3-Di(3-methoxypheny 1)-1 A-dioxene 2.190 

2,3-Di(4-methoxyphenyl)-I,4-dioxene 2.191 

I,2-Dimethoxystilbene 3.101 
4,4'-Dimethoxystilbenc 3.100 

a,{3-Dimethoxystilbene 3.101 

2,3-Dimethoxystrychnidin-IO-one 8.9 
5,8-Dimelhoxy-l ,2,3,4-telrahydro-9-isopropylidene-1 ,4-

methanonaphthalene 2.257 

4,4' -Dimethoxythiobenzophenone 13.160 

11,17-Dimethoxy-18-[(3,4,5-
trimethoxybenzoy1)oxy]yohimban-16-carboxylic ael'; 

methyl ester 8.98 

4-(Dimethylamino)benzaldehyde 9.10 

p-Dimethylaminobenzaldehyde 9.10 

4-(Dimethylamino )benzonitrile 9.22 

4-(4'-Dimethylamino-3',5' -dimethylphenyl )imino-3-
methyl-l-phenyl-2-pyrazolin-5-one 11.149 

2-Dimethy lamino-5 ,6-dimethy Ipyrimidin-4-o1 16.69 

1-[ 4-(Dimethylamino )pheny lazo]-2-naphthol 11.96 

5-[p-(Dimethy lamino )phenyl]-3-[p-( dimethy lamino )styry II 
I-phenyl-2-pyrazoline 11.118 

4-(4'-Dimethylaminophenyl)imino-3-methyl-l-phenyl-2-
pyrazolin-5-one 11.150 

2-(4-DimethylaminophenyI)-3-phenyI-1 ,4-dioxene 2.192 

3-Dimethylamino-I-propanol 8.82 

4-(4'-Dimethylamino-2',3',5',6'-tetramethylphenyl)imino-
3-methyl-l-phenyl-2-pyrazolin-5-one 11.151 

p-(Dimethy lamino )thioanisole 13.6 

p-(N ,N-Dimethylamino )-a,~,~-trimethyIstyrene 3.115 

N ,N-Dimethylaniline 9.6 

N ,N-Dimethyl-m-anisidine 9.12 

N,N-Dimethyl-o-anisidine 9.11 

N,N-Dimethyl-p-anisidine 9.13 

9,10-Dimethylanthracene 3.10,3.124,3.125,4.1,4.10,4.11, 

4.12,4.20,4.153,4.154,4.157,4.159,4.160,4.162,4.165, 

4.166,4.168,4.175,4.176,4.180,4.181,4:182, 11.16, 11.17, 
11.60, 11.62, 11.63, 11.77, 11.79, 11.80, 11.90, 11.92, 
11.101,11.103,11.104,12.28,12.123,13.175 

9,10-Dimethyl-l,2-benzanthracene 3.24,3.124,3.125 

9,10-Dimethylbenz[a]anthracene 3.24,3.124,3.125 
3,3-Dimethylbicyc1u[2.2.1]heptane-2-thione 13.44 

2,3-Dimethyl-l,3-butadiene 2.39 

N,N-Dimethyl-l-butanamine 8.14 
2,3-Dimethy I-I-butene 2.45 

2,3-Dimethyl-2-butene 2.51,2.38,2.50,2.52,2.53,2.56,2.103, 

2.117,2.140,2.168,2.170,2.184,2.185,2.186, 2.187, 2.188, 
2.189,2.190,2.191,2.192,2.193,2.194,2.195, 2.186, 2.ZZ3, 

2.225,2.303,2.310,2.332,2.334,3.10,3.11,3.28,3.66, 

3.125,4.3,4.100,5.34, 7.5, 7.65,8.83,9.1, 13.86, 13.145 

2,3-Dimethyl-2-butcnc-d12 2.54 

cis-2,3-Dimethyl-2-butene-d6 2.53 

(E)-2,3-Dimethyl-2-butene-d6 2.52 
rrans-2,3-Dimethyl-2-bulene-d6 2.!2 

(Z)-2,3-Dimethyl-2-butene-d6 2.53 

2,3-Dimethyl-2-buteny14-methoxyphenyl sulfide 13.18 
2,3-Dimethyl-2-butenyI4-methylphenyl sulfide 13.19 

2,3-Dimethyl-2-butenyl phenyl sulfide 13.17 

Dimethylcercosporin 16.57 
2,2-Dimethylcyc1ohexa-3,5-dien-l-one 2.108 

5,5-Dimethyl-l ,3-cyclohexanedione 17.15 

1,2-Dimethylcyc1ohexene 2.117,2.161 
1,3-Dimethylcyc1ohexene 2.118 
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lA-Dimethylcyc1ohexene 2.119 

1,6-Dimethy1cyc1ohexene 2.120,2.156 

2,3-Dimethylcyc1ohexene 2.120,2.156 

6,6-Dimethy1cyc1ohex-I-enyl acetate 2.126 

1,2-Dimethy1cyclopentene 2.158 

1,5-Dimethy1cyc1opentene 2.159 

2,3-Dimethyl-2-cyc1openten-l-one .2.165 

2,3-Dimethyl-2,3-diazabicyc1o [2.2.1 ]heptane 8.18 

1,2-Dimethy 1-1 ,2-di buty lhydrazine . 8.34 

2A-Dimethyl-3,5-dicarbethoxypyrrole 6.66 

1, I-Dimethyl-2,2-di(2,2-dimethy lpropyl)hydrazine 8.35 

1 ,2-Dimethyl-l ,2-di(2,2-dimethy lpropyl)hydrazine 8.36 

1,1'-(1,2-Dimethyl-l,2-diethenyl)bisnaphthalene, (E)- 3.84 

2,2' -(1,2-Dimelhyl-l,2-uielllt:Dyl)bi:snaphlhalene, (E)- 3.85 

(l5E)-Dimethyl-2, 17 -diethenyl-l, 19,22,24-tetrahydro-
3,7,13, 18-tetramethyl-l, 19-
dioxobilinc-8,12-dipropnnontc 7.8 

4,5-Dimethyl-2,3-dihydrofuran 5.30 

4A-Dimethyl-2,3-dihydropyran-2-t 5.96 
4,4-Dimethyl-2,3-dihydropyran-3-t 5.94 

5,6-Dimethyl-3A-dihydropyran 5.91 

(Z)-Dimethyl 7-[2-( dimethy lamino )-2-oxoethy 1 ]-8-ethy 1-
7,8-dihydro-
3,7,12,17 -tetramethylporphine-2, 18-dipropionate 
7.88 

(Z)-Dimethyl 7-[2-( dimethy lamino )-2-oxoethy 1] -8-
ethylidene-7,8-dihydro-
3,7,12,17-tetramethy I porphine-2, 18-dipropionate 
7.89 

2,4-Di[2-methyl-4-(dimethylamino)phenyl]squarylium 
11.47 

1, I-Dimethy 1-2,2-di(2-meihy Ipropy l)hydrazine 8.37 

1,2-Dimethyl-1 ,2-di(2-methy Ipropy 1 )hydrazine 8.38 

1,2-Dimethyl-l,2-dipentylhydrazine 8.39 
1 ,2-Dimethyl-l ,2-dipropylhydrazine 8.40 

Dimethyldithiocarbamate ion 13.79 

4,8-Dimethyl-4,8-dodecadiene 2.201 

(E,E)-4,8-Dimcthyl-4,8-dodccadicnc 2.202 

2,3-Dimethylenebicyc1o[2.2.1]heptane 2.8,2.19,2.140, 

2.295, 2.296, 2.297, 2.357 
2,3-Dimcthylcncbicyclo[3.2.2]nonanc 2.31 

6,7-Dimethylenebicyc1o[3.2.2]nonane 2.31 

2,3-Dimethylenebicyc1o[2.2.2]octane 2.33 

1,I-Dimethylethanol 17.62 

2-[(1, I-Dimethylethoxy )methyl]furan 5.35 

7-(1,I-Dimethylethyl)-3,4-dihydro-2,2-dimethyl-1-
benzopyran-6-o1 4.54 

2-(1,I-Dimethylethyl)-3,3-dimethyl-l-butene-l-thione 
13.165 

1,I-Dimethylethyl ethyl sulfide 13.56 

1,I-Dimethylethyl methyl ether 17.18 

4-(1,I-Dimethylethyl)phenol 4.121 

1,1-Dimethylethyl propyl sulfide 13.58 

5,7-Di(l-methylethyl)tocol 4.47 

N,N-Dimethylformamide 17.31 

6,6-Dimethylfulvene 2.149 

6,6-Dimethylfulvene endoperoxide 2.150 

2,4-Dimethylfuran 5.33 

2,5-Dimethylfuran 5.34, 7.59,9.28 

DimethyI2,5-furandicarboxylate 5.61 

Dimethylglyoxime 15.19 

6,II-DimethyI4,6,8,IO,12-hexadecapentaene-2,3,14,15-
tetraone (all-£) 2.234 

2,5-Dimethyl-2,4-hexadiene 2.243, 13.87, 13.88 

2,2' -Dimethyl-4A',5,5',7,T
hexahydroxymesonaphthodianthrone 16.60 

Dimethylhomocoerdianthrone 3.95 

4-[2-(N ,N-Dimethylhydrazono )ethylidene ]-2,6-
diphenylpyran 15.1 

2,7 -Dimethyl-6-hydroperoxy-2, 7 -octadiene 2.279 

2,7-Dimethyl-7-hydroperoxy-2,5-octadiene 2.274 

2,3-Dimethylhydroquinone 4.22 
2,5-Dimcthylhydroquinonc 4.23 

2,6-Dimethylhydroquinone 4.24 . 

2,3-Dimethylidenebicyc1o[2.2.1]heptane 2.8,2.19,2.140, 
2.295, 2.296, 2.297, 2.357 

5 ,6-Dimethylidene-2-bicyclo[2.2.1 ]heptene 2.19 

2,3-Dimethy lidene-7 -oxabicyc1o[2.2.1 ]heptane 2.295 

5 ,6-Dimethy lidene-7 -oxa-2-bicyclo[2.2.1 ]heptene 2.297 

1,3-Dimethylindole 6.10 

2,3-Dimethylindole 6.11 

N,N-Dimethylisobutenylamine 8.83 

7,7 -Dimethyl-2-methylenenorbomane 2.9 

Dimethyl 4-methyl-1 ,3-naphthalenedipropionate 3.90 

Dimethy 1 3,3'-( 4-methy 1-1 ,3-naphthy lene )dipropionate 
3.90 

2,4-Di[2-methyl-4;.(N-methyl-N-
octadecylamino)phenyl]squarylium 11.48 

1,2-Dimethylnaphthalene 3.75 

1,3-Dimethylnaphthalene 3.76 

1 A-Dimethy Inaphthalene 3.77 

1,5-Dimethylnaphthalene 3.75,3.76,3.77,3.78,3.79,3.80, 
3.81, 3.82, 3.83, 3.86 

1,6-Dimethylnaphthalene 3.78 

1,7 -Dimethyl naphthalene 3.79 

1,8-Dimethylnaphthalene 3.80 

2,3-Dimethylnaphthalene 3.81 

2,6-Dimethylnaphthalene 3.82 

2,7-Dimethylnaphthalene 3.83 

1,I-Dimethyl-2-naphthalenethione 13.113 

3,1 O-Dimethylnaphtho[ 1 ,2,3,4-rst]pentaphene-5 ,8-dione 
3.95 

N,N-Dimethyl-4-nitrosoaniline 9.7 

2,7-Dimethyl-2,6-octadiene 2.277 

cis-2,6-Dimethy 1-2,6-octadiene 2.276 

.1 OhllQ r.hDm gaf n~t~ \lnl ?1I. Nn ? 1001:; 
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(E)-2,6-Dimethyl-2,6-octadiene 2.275 
rrans-2,6-Dimethyl-2,6-octadiene 2.275 

(Z)-2,6-Dimethyl-2,6-octadiene 2.276 
3,7.;Dimethyl-l,6-octadien-3-o1 2.280,2.338, 13.53, 13.54, 

13.55, 13.143, 13.144 

(E)-3,7-Dimethyl-2,6-octadien-l-ol 2.281 

(E)-3,7-Dimethyl-2,7-octadien-l-01 2.282 

(Z)-3,7-Dimethyl-2,7-octadien-l-01 2.283 

2,6-Dimethyl-2,4,6-octatriene 2.285 

3,7-Dimethyl-6-octen-l-ol 2.294 
(E)-3,7-Dimethyl-2-octen-l-ol 2.292 

(2)-3,7 -Dimethyl-2-octen-l-ol 2.293 

3,3-Dimethyl-2-oxobutyric acid 17.7 

2,4-DimethyI-2-pentene 2.306 

(E)-3,4-Dimethyl-2-penten-I-ol 2.316 

(Z)-3,4-Dimethyl-2-penten-l-ol 2.317 

3,4-Dimethyl-3-penten-2-one 2.324 

2,4-Dimethylphenol 4.116 

2,6-Dimethylphenol 4.117 

3,4-Dimethylphenol 4.118 

2,6-Dimethylphenoxide ion 4.162 

2.3-Di( 4-methyIpheny1)-1 ,4-dioxene 2.] 93 

2,2-Dimethyl-l-phenyl-l-prQpanethione 13.126 

N,N-DimethyI-J-piperidinamine 8.52 

1,2-Dimethylpiperidine 8.57 

2,6-Dimethylpiperidine 8.58 

(1,2-Dimethyl-l-propenyl)benzene 3.123,2.96 

1-( 1 ,2-Dimethyl-I-propeny l)-4-methoxybenzene 3.118, 
3.115,3.123 

2,2-Dimethylpropyl methyl ether 17.19 
Di(l-methylpropyl) sulfide 13~73 

2,6-Dimethylpyran-4-thione 13.139 

1 ,3-Dimethylpyrazolo[ 1 ,2-a ]benzotriazole 11.132 

1,3-Dimethylpyrazolo[l',2':2,3][1,2,3Jtriazolo[4,5-
a]phenazin-4-ium 6.39 

2,5-Dimethylpyrrole 6.60 

N ,N-Dimethyl-l-pyrrolidinamine 8.95 

5,5-Dimethyl-1-pyrroline-l-oxyl 15.56 

cis-<X,<x'-DimethyIstilbene 3.103 
trUTtS-u.,o/ -DiII1t:thylsli1bt:m~ 3.102, a. loa 

~,~-Dimethylstyrene 3.114-

Dimethyl sulfide 13.80, 13.81 

Dimethyl sulfoxide 13.81 

1,I'-(7,13-Dimethyl-l,4,8,12-tetraazacyclopentadeca-
4,7,12, 15-tetraene-6, 14-diyl)bis[ ethanoato ]nickel(II) 
12.133 

4,4' -Dimethyl-3,3',5,5'-tetracarbethoxy-2,2'
dipyrrylmethane 6.65 

8, 13-DimethyI-2,2, 19, 19-tetramethoxy-4,6,8, 1 0,12,14,16-
eicosaheptaene-3,18-dione (all-£) 2.211 

6,11-Dimethyl-2,2,15,15-tetramethoxy-4,6,8,10,12-
hexadecapentaene-~> 14-dione (all-R) 2.233 

Dimethy13,7,12,17-tetramethylporphine-2,18-dipropano~ 
7.94 

2,2-Dimethyl-3-thiahexane 13.58 

2,2-Dimethyl-3-thiapentane 13.56 

4,4' -Dimethylthiobenzophenone 13.161 
3,3-DimethyIthiocamphor 13.45 

5,7 -Dimethyltocol 4.51 

N,N-Dimethyl-p-toluidine 9.19 

7,7-Dimethyl~2-(trimethylsi1oxy)-norboma-2,5-diene t~ 

7,7-Dimethyl-2-(trimethylsiloxy)norbom-2-ene 2.5,2.7. 
2.24 

(E)-2,6-Dimethyl-1,6-undecadiene 2.359 

(Z)-2,6-Dimethyl-l,6-undecadiene 2.360 

l-(~,~-Dimethylvinyl)naphthalene 3.87 
(E)-2,3-Di( a-naphthyl)-2-butene 3.84 

(E)-2,3-Di(~-naphthyI)-2-butene 3.85 

(Z)-2,3-Di( <x-naphthyl)-2-butene 3.84 

(Z)-2,3-Di(~-naphthyl)-2-b1Jtene 3.85 

2,4-Dinitrophenol 4.123 

2,5-Dinitrophimol 4.124 
2,6-Dinitrophenol 4.125 
2.4-Dinitrophenoxideion 4.164 
4,4' -Di-tert-octyldiphenylamine 9.18 
2,5-Di-sec~octylhydroquinone 4.19 

2,3-Dioxabicyclo[2.2.1 ]hept-5-ene, 7-( 1-
methylethy lidene)- 2~lS0 

2,3-Dioxabicyclo[2.2.2Joct-5-ene 2.182 

3,6-Dioxacyclohexene 2.183, 2.122, 2.222, 2.223, 2.224, 

3.101,5.90 

3,5-Dioxacyc1opentene 2.199 

Dioxane 17.20 
1,4-Dioxane 17.20 
1,6-Dioxapyrene 3.94 

13,14-Dioxatricyclo[8.2.1.14•7]tetradeca-4,6,lO,12-tetraeJl 
5.77 

l,4-Dioxene 2.183,2.122,2.222,2.223,2.224,3.101,5.90 

1,4-Dioxene, 2-( 4-cyanophenyl)-3-( 4-
dimethylaminophenyl)- 2.184 

1,4-Dioxene, 2,3-di( 4-acetaminophenyl)- 2.185 

l.4-Dioxene. 2.3-di(3-chlorophenyl)- 2.186 

1,4-Dioxene, 2,3-di( 4-chlorophenyl)- 2.187 

l,4-Dioxene, 2,3-di(4-dimethylaminophenyl)- 2.188 
1 A-nioxene, 2.3-di(4-hydroxyphenyl)- 2.189 

l,4-Dioxene, 2,3-di(3-methoxyphenyl)- 2.190 

1,4-Dioxene, 2,3-di( 4-methoxyphenyI)- 2.191 

1,4-Dioxene,2-(4-dimethy1aminophenyl)-3-phenyl- 2.B 

l,4-Dioxene, 2,3-di( 4-methylphenyl)- 2.193 

l,4-Dioxene, 2,3-diphenyl- 2.194, 8.19 

l,4-Dioxeile, 2-( 4-methoxyphenyl)-3-phenyl- 2.195 

1,4-Dioxene, 2,3,5,6-tetraphenyl- 2.196 

p-Dioxene 2.183,2.122,2.222,2.223,2.224,3.101,5.90 

1 ,3-Dioxolant:, 4,5-diethy lidt:nt:-2,2-dimethy 1-, (E.zJ 2.1 
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1,3-Dioxolane, 4,5-diethylidene-2,2-dimethyl-, (2,Z) 2.198 

1,3-Dioxolane,2-(2-furanyl)- 5.36 

2-[2-(1,3-Dioxolanyl)]furan 5.36 

1,3-Dioxole 2.199 

Dioxygen anion 14.14 

exo,exo-2,3-Dioxymethyl-7-adamantylidenenorbornane 
2.10 

Di(1,2,2,6,6-pentaamethyl-4-piperidinol) 1,10-
decanedioate 8.74 

2,5-Di-tert-pentylhydroquinone 4.16 

Diphenylamine 9.16 

4-[N-Di(phenylaminocarbonyl)methylene )amino-3,N,N-
triethylaniline 11.115 

.2-[2-.[2-(Diphenylamino)-3-[3-( 4-methoxy- 4-
oxobutyl)naphtho[2,3-dlthiazoI-2-
y lidene ]ethy lidene] 1- cycl()penten-l-y 1 ]ethen y 1]-3-
(4-methoxy-4-oxobutyl)naphtho[2,3-d]thiazolium, 
perchlorate 11.108 

4-( 4'-Diphenylaminophenyl)imino-3-methyl-l-pheny 1-2-
pyrazolin-5-one 11.152 

9,IO-DiphenyIanthracene 3.11,4.50,11.78,11.128,11.129, 

11.130,11.135,11.136,11.137,11.142,11.143,11.144, 

11.145, 11.146, 11.147, 13.76 

2,5-Diphenyl-3,4-benzofuran 5.83,2.51,3.60,3.96,3.98, 

4.49,4.54,4.184,4.185,6.39, 7.5,7.78,8.19, 10.23, 10.34, 

10.35,10.36,10.38,10.42,11.33;11.37,11.38,11.70,11.71, 

11.72, 11.73, 11.75, 11.76, 11.109, 11.174, 11.178, 11.179, 
11.180, 11.181, 11.182, 11.183, 11.184,12.20, 12.21, 12.22, 
12.23, 12.84, 12.138, 13.63, 13.64, 13.108, 13.169, 13.170, 

13.171, 15.1, 17.30 

1,4-Diphenyl-l,3-butadiene 2.40,2.35 

(E)-2,3-Diphenyl-2-butene 3.102,3.103 

(Z)-2,3-Diphenyl-2-butene 3.103 

1 ,4-Dipheny 1-1 ,3-cyclopentadiene 2.147 

Diphenyldiazene 11.57 

1 ,3-Dipheny 1-5 ,6-dimethy lisobenzofunm 5.82 

1,2-Diphenyl-3,6-dioxacyclohexene 2.194,8.19 

2,3-Diphenyl-I,4-dioxene 2.194,8.19 

2,6-Diphenyl-4-(2,6-dipheny ltelJuropyran-4-
ylidene)methyltelluropyrylium 11.162 

Dipheny Idiselenide 13.83 

Diphenyl disulfide 13.84 

Diphenylditelluride 13.85 

4,5-Diphenyl-l,3-dithiane-2-thione 13.89 

4,5-Diphenyl 1,3-dithiole-2-thione 13.89 

2,3-Diphenylfuran 5.37 

2,5-Diphenylfuran 5.38, 4.50, 5.25, 5.44, 5.47, 5.50, 5.83 

3,4-Diphenylfuran 5.39 

cx,cx-Diphenylfurfuryl alcohol 5.67 

1,2-Diphenylindene 3.70 

1,3-Diphenylisobenzofuran 5.83,2.51,3.60,3.96,3.98,4.49, 

4.54,4.184,4.185,6.39, 7.5, 7.78,8.19, 10.23, 10.34, 10.35, 

10.36, 10.38, 10.42, 11.33, 11.37, 11.38, 11.70, 11.71, 11.72, 
11.73,11.75,11.76,11.109,11.174,11.178,11.179,11.180, 

11.181, 11.182, 11.183, 11.184, 12.20, 12.21, 12.22, 12.23, 
12.84, 12.138, 13.63, 13.64, 13.108, 13.169, 13.170, 13.171, 

15.1, 17.30 

1 ,2-Diphenyl-4-methylcyc1openta[b ] quinoline 6.4 

2,5-Diphenyl-4-methyloxazole 6.32 

1,I-Diphenyl-2-methylpropene 3.46 

Diphenyl nitrone 15.10 

2,5-Diphenyloxazole 6.31 

(E)-2,3~Diphenyloxirane 17.49 

trans-Diphenyloxirane 17.49 

N ,N':"Diphenyl-p-phenylenediamine 9.29 

2,6-Diphenylpyran-4-thione 13.140 

Diphenyl sulfide 13.34, 13.16,13.23, 13.26, 13.31 
3,4-Diphenylsydnone 5.102 

(E)-2,3-Diphenylthiirane 13.151 

trans-Dipheny lthiirane 13.1St 

2,6-Diphenylthiopyran-4-thione 13.173 

9,18-Diphenyltribenzo[aJ,j]perylene 3.129 

4-(N-Dipivaloylmethylene )amino-3,N ,N-triethylaniline 
11.67 

3,8,3',10' -Di( 1 ,3-propanediyl)-2,2' -thiacarbocyanine 
iodide 11.156 

Dipropylamine 8.86 

Dipropyl sulfide 13.82 

Diselenide, diphenyl- 13.83 

Disilirane, 1,1 ,2,2-tetrakis(2,4,6-trimethylpheny 1)- 17.21 

Dismutase, superoxide 10.14 

Disodium [N ,N'-ethylenebis(5-
sulfosalicy lideneiminato) ]nickelate(ll) 12.143 

Disodium [N,N'-o-pheriylenebis(5-
sulfosalieylideneiminato )]niekelate(Il) 12.167 

Disodium [N,N'-propylenebis(5-
sulfosalicylideneiminato )]nickelate(ll) 12.169 

Disperse Blue 1 11.14 

Disperse Blue 14 11.7 

Disperse blue polyester 11.12 

Disperse bright pink 11.13 

Disperse Orange 11.6 

Disperse Orange 11 11.6 

Disperse Red 11 11.13 

Disperse Red 15 11.5 

Disperse red 2S 11.5 

Disperse violet K 11.8 

Disulfide, diphenyl- 13.84 

Ditelluride, diphenyl- 13.85 

Di(2,2,6,6-tetramethyl-4-piperidinol) 1,1 O-decanedioate 
8.78 

1,5-Dithiacyclooctane 13.86 

1,5-Dithiacyc1ooctane I-oxide 13.87 
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l,4-Dithiane 13.88 

1,3-Dithiane-2-thione,4,5-diphenyl- 13.89 

Ditruazanine iodide 11.173 

2,2' -Dithiobisethanesulfonate ion 13.91 

N ,N'-(Dithiobis[(5-ethyl-2,3-
thiophenediyl)methylidyne]]biscyc1ohexanamine 
13.63 

1,5-Dithiocane 13.86 

1,5-Dithiocane I-oxide 13.87 
Dithioerythritol 13.49 

1,2-Dithio]ane-3-pentanoic acid 13.90,3.125 

Dithiothreitol 13.50 

Docosahexaenoic acid 2.200 
Docosanoic acid 17.22 

4,8-Dodecadiene,4,8-dimethyl- 2.201 

4,8-Dodecadiene, 4,8-dimethyl-, (E,£)- 2.202 

4,8-Dodecadiene, hydroperoxy-4,8-dimethy 1- 2.203 

(£.£)-8, 1 O-Dodecadienol 2.204 
Dodecane 17.23 

Dodecanoic acid 17.24 

2,4,6,8,1 O-Dodecapentaene-l, 12-dione, 1, 12-bis(3-
hydroxy-l ,2,2-trimethylcyc1openty 1)-4, 7 -dimethyl
[lR-[la[2E,4E,6E,8E,lOE,12(1R*,3R*)],3a]- 2.205, 
2.206 

2,4,6,8,10-Dodecapentaene-l, 12-dione, 1, 12-bis( 4-
hydroxy-l,2,2-trimethy1cyc1opentyl)-4,7-dimethy1-
[l R-[1 a[2E,4E,6E,8E, 10E, 12(1R* ,4R*)],4~]- 2.207 

Dodecapreno-l3-carotene 2.358 

2,6, 1 O-Dodecatriene, dihydroperoxy-2,6,lO-trimethyl-
2.208 

2,6,10-Dodecatriene, hydroperoxy-2,6, 1 O-trimethy 1- 2.209 

2,6,10-Dodecatriene,2,6,10-trimethyl- 2.210 

Dodecylamine[2,2' -thiobis(3,4-
dimethylphenolato )]nickel(ll) 12.134 

Dodecylamine[2,2'-thiobis[4-(1,1,3,3-
tetramethylbutyl)]phenolato ]nickel(II) 12.135 

4-Dodecy loxy-2-hydroxybenzophenone 4.42 

Dodecyl sulfate, sodium salt 17.25 

Dodecyltrimethylammonium chloride 17.26 

Dopa-melanin 4.78 

Dopamine 4.5 

Doxorubicin 4.80 
Dregaminp. R.l0l 

Durohydroquinone monoethyl ether 4.126 

Bbselen 13.40 

B.C. 1.1.1.30 10.11 

E.C. 1.3.99.1 10.13 

E.C. 1.6.99.3 10.12 

E.C. 1.9.3.1 10.10 
B.C. 1.15.1.1 10.14 

E.C.3.4.4.4 10.33 

B.C. 4.2.1.1 10.7 

Echinenone 2.88 

Ehrlich's Reagent 9.10 

4,6,8,lO,12,14,16-Eicosaheptaene-3,18-dione,8,13-
dimethyl-2,2,19,19-tetramethoxy- (all-£) 2.211 

Eicosanoic acid 17.27 

5,8,11,14-Eicosatetraenoic acid 2.212 
5,8,11,14-Eicosatetraenoic acid, phenyl ester 2.214 

Elsinochrome A 16.10 

Elsinochrome B 16.9 
emi-Crocin 2.178 

3,6-EndoperoxycycJohexene 2.182 
Eosin dianion 11.65 

1 ,4-Epidioxynaphthalene-I-propanoic acid, 4-metbyl- .'.'i I 

1,4-Epidioxynaphthalene-1-propanoic acid, 4-methyl-, 
anion 3.92 

Epinephrine 4.9 

Ergosta-5,7,22-trien-3~ol (3{3) 16.26 

Ergosta-5,7,22-trien-3-o1 acetate 16.27 
Ergosterol 16.26 

Ergosterol acetate 16.27 
Ergothioneine 13.104 
Ergothioneine ion 13.105 

Eriodictyol 4.59 
Estra-l ,3,5( 1 0),8-tetraen-17 -one, 3-methoxy- 16.28 

1,3,5(lO),9(11)-Estratetraen-17-one, 3-(acetyloxy)- 16.21) 

1,3,5(1 O),9(11)-Estratetraen-17-one, 3-(benzoyloxy)- 1 () .. 
1,3,5(10),9(1 ])-Estratetraen-17-one, 3-hydroxy- 16.31 

1,3,5(lO),9(11)-Estratetraen-17-one,3-methoxy- 16.32, 
16.29, 16.30, 16.31. 16.33 

1,3,5(1 O),9(11)-Estratetraen-17-one, 3-
(toluenesulfonyloxy)- 16.33 

1,2-Ethandi y lidenebis[3 ,5-di (1, I-dimethy lethy 1)-2,5-
cyc1ohexadien-4-one 1 17.12 

Ethane, iodo- 17.28 
(Z,Z)-3,3'-fl,2-Ethanediylbis(iminomethylidyne»)bisI5-

ethy 1-2-thiophenethione 13.171 
2,2' -[1 ,2-Ethanediy1bis(nitrilodecylidyne)]bis[4-

methylphenolato]nickel(ll) 12.136 
2,2'-[1,2-

Ethanediy lbis(nitriloethylidyne) ]bis[phenolato ]nid 
12.137 

[[3,3]-[1,2-Ethanediylbis(nitrilomethylidyne)]bis[5-ethyl 
thiophenethionatnJ]copper(TT) 12.138 

2,2' -[ 1 ,2-Ethanediylbis(nitrilomethylidyne )]-
bis [phenolato ]cobalt(II) 12.139 

2,2' -[ 1 ,2-Ethanediylbis(nitrilomethylidyne )]
bis[phenolato] nickel (II) 12.140 

1,2-Ethanediylidenebis[3-[2-hydroxy-5-methyl-3-(1,1-
dimethylethyl)benzyl)-
5-( I, 1-dimethy lethy 1)]-2,5-cyc1ohexadien-4-one 
17.11 
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3,7 ,4,6-Ethanediy lidenepentaleno[ 1 ,6-cd]pyridazine, 3,7 a
dichloro-3a,4,5,5a,6,7,7a,7b-octahydro-, 1,2-dioxide 
15.20 

Ethanesulfonate ion, 2~2' -dithiobis- 13.91 

Ethanesulfonic acid, 2-mercapto-, ion( 1-) 13.92 

Ethanethiol, 2-amino- 13.93 
Ethanethiol,2-[(3-aminopropyl)amino]- 13.94 

Ethanethiol, 2-hydroxy-, 13.95 

Ethanethiol, 2-hydroxy-, negative ion 13.96 

Ethanol 17.29 

Ethanol, 2-cyc1ododecy lidene- 2.215 

Ethanol, 2-cyc1ohexylidene- 2.216 

Ethanol,2-cyc1ooctylidene- 2.217 

Ethanol. 2-cyclopentylidene- 2.218 
Ethanol,2-(diethylamino)- 8.23 

Ethanol,2,2'-[(1,1-dimethylethyl)imino]bis- 8.26 

Ethanol, 1-(2-methylene-3,5-cyc1ohexadienylidene)- 2.219 

Ethanol, 2-( 4-methylphenyl)thio- 13.97 

Ethanol, I-tricyc1o[3.3.l.l3,7]decylidene-, acetate 2.220 
Ethanonc, 1-(3,4-dihydro-6-methyl-2H-pyran-5-yl)- S.88 

Ethanone, 1-(4-hydroxyphenyl)-, ion(1-) 4.151 

Ethene, 1,1-bis(4-methoxyphenyl)- 3.100 

Ethene, 1, I-diethoxy- 2.221 

Ethene, 1,2-diethoxy-, (E)- 2.222 
Ethene, 1,2-diethoxy-, (2)- 2.223, 2.222 

Ethene, ethoxy- 2.224 

Ethene, tetraethoxy- 2.225 

Ethene, 1,1,2-tricyc1opropyl- 2.169 

Ethene, 1,1 ,2-triethoxy- 2.226 

Ethenylbenzene 3.108 

9-Ethenyl-14-ethyl-13-formyl-21-(methoxycarbonyl)-
4,8, 18-trimethyl-20-oxo-3-phorbinepropanoic acid, 
3,7,11,15-tetramethyl-2-hexadecenyl ester 7.27 

9-Ethenyl-14-ethyl-21-(methoxycarbonyl)-4,8, 13, 18-
tetramethyl-20-oxo-3-phorbinepropanoic acid, 
3,7,11,15-tetramethyl-2-hexadecenyl ester 7.26 

8-Etheny 1-13-ethy 1-3,7,12,17 -tetramethy lporphine-2,18-
dipropanoic acid 7.90 

8-Etheny 1-13-ethy 1-3,7,12,17 -tetramethy lporphine-2,18-
dipropanoic acid, dimethyl ester 7.91 

7-Ethenyl-12-(1-hydroxyethyl)-3,8,13,17-
tetramethylporphine-2,18-dipropanoic acid 7.92 

7-Ethenyl-3,8,13, 17-tetramethylporphine-2,18-dipropanoic 
acid 7.93 

Ether, methyl 1-methylpropenyl 2.55 

Ethirimol 16.67 

5-Ethoxycarbony 1-3,4-dihydro-6-methy lpyran 5.98 

5-Ethoxycarbonyl-3,4-dihydro-6-phenylpyran 5.100 

2-( 4-Ethoxycarbonylphenyl)-1 ,8-
dihydropyrrolo[3 ',2' : 3,4]cyclopenta [1 ,2-b ]pyridine 
6.70 

2-[(4-Ethoxycarbonyl)phenyl]furan 5.40 

Ethoxyethene 2.224 

l-Ethoxy-2-methyl-1-propene 2.336 

Ethyl alcohol 17.29 

Ethylamine, N~-diethyl- 8.24 

Ethylamine, N ~-diethyl-2-methoxy- 8.25 
Ethylamine, 3,4-dihydroxyphenyl- 4.5 

Ethylamine, 1, I-dimethyl-N ~-bis(2-hydroxyethyl)- 8.26 

Ethylamine, N-ethoxy- 15.21 
Ethylamine, N-ethyl- 8.27 

Ethylamine, N-ethyl-N-ethoxy- 15.22 

Ethylamine, N-ethyl-N-hydroxy- 15.23 

Ethylamine, N-ethyl-N-hydroxy-, conjugate acid 15.24 

Ethyl ami ne, I-methyl- 8.28 

Ethylamine, 1-methyl-N~-(1-methylethyl)- 8.29 

Ethylamine[2.2' -thiobis(3.4-dimethylphenolato)]nickel(ll) 
12.141 

Ethylamine[2,2' -thiobis[4-(1,1,3,3-
tetramethylbutyl)]phenolato]nickel(ll) 12.142 

Ethyl4-aminobenzoate 9.9 

Ethyl p-aminobenzoate 9.9 
Rthylhen7.ene 3.41 

Ethyl 5-bromo-2-furoate 5.55 

2-Ethyl-1,3-butadiene 2.41 

Ethyl ~-apo-8' -carotenoate 2.85 

6-Ethyl-3,4-dihydropyran-5-carboxylic acid ethyl ester 
5.101 

EthyI4-(dimethylamino)benzoate 9.21 

Ethyl p-dimethylaminobenzoate 9.21 

Ethyl disulfide 13.75 

[N~' -Ethy lenebis( 5-sulfosalicy lideneiminato) ]nickelate(ll) 
disodium saIt 12.143 

Ethy lene-propylene-ethy lidenenorbornene terpolymer 
17.30 

3-Ethyl-2-[7-(3-ethyl-2-benzothiazolylidene)-1,3,5-
heptatrienyl]benzothiazolium iodide 11.174 

3-Ethyl-2-[5-(3-ethyl-2-benzothiazolylidene)-1,3-
pentadienyl]benzothiazolium iodide 11.173 

3-Ethyl-2-[7-(3-ethyl-2-benzoxazolylidene)-1,3,5-
heptatrieny 1 ]benzox~zolinm iodide 11.109 

l-Ethyl-2-[ (1-ethyl-2-quinolinylidene )methyl]quinolinium 
iodide 11.45 

l-Ethyl-4-[3-(1-ethyl-4-quinolinylidene)-1-
propeny1]quinolinium 11.42 

1-Ethyl-2-[3-( l-ethyl-2-quinolinylidene )-1-
propenyl]quinolinium chloride 11.41 

Ethyl 2-furoate 5.56 

4-[N-Ethy l-N-(2-hydroxyethyl)amino ]-4'-
methoxyazobenzene 11.58 

Ethylidenecycloheptane 2.100 

Ethylidenecyc10hexane 2.110 

Ethylidenecyclooctane 2.135 

Ethy lidenecyclopentane 2.152 

Ethyl iodide 17.28 

Ethyllinolenate 2.268 
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2-Ethyl-3-methyl-2-cyc1ohexen-l-one 2.127 

2-Ethyl-3-methyl-2-cyc1openten-l-one 2.166 

3-Ethyl-2-penten-1-o1 2.318 

Ethyl phytyl ether 2.236 

Ethyl sulfide 13.76 
Ethyl vinyl ether 2.224 

Ethynediamine, tetraethyl- 8.30 

Etiobilirubin-IVy 7.4 

Etiobiliverdin-IVy 7.3 

Eucatropine 8.76 

Fatty acid methyl esters from peanut oil 17.42 

Fatty acid methyl esters from soybean oil 17.43 

Fatty acid methyl esters from sunflower oil 17.44 

Ferric acetylacetonate 12.174 

Ferrocene 12.144 

Ferrocytochrome C 10.9 
Ferrocytochrome C oxygen oxidoreductase 10.10 

Ferulic acid 4.70 

Fisetin 4.75 
Flavanone,4',5,7-trihydroxy- 4.72 

Flavocytochrome b2 (Fe3+) 10.8 
Flavone,5,7-dihydroxy- 4.73 

Flavone,3-hydroxy- 4.74 

Flavone, 3,3',4',7-tetrahydroxy- 4.75 
Pluorene,9-diazo- 11.63 

Fluorene,9-(fluoren-9-ylidene)- 3.66 

Fluorene, 9-(phenylsulfonyl)-, anion 13.98 

9-(Fluoren-9-ylidene )fluorene 3.66 
Fluorescein, 2',7' -dibromo-4' -(hydroxymercuri)-, disodium 

salt 11.64 
Fluorescein dianion, 2',4',5',7' -tetrabromo- 11.65 

Fluorescein dianion, 3,4,5,6-tetrachloro-2',4',5',7'
tetraiodo- 11.66 

1-Fluoro-4-(butylthio )benzene 13.11 
2-(4-Fluoro-3-nitrophenyl)-2,5,5-trimethylpyrrolidin-l-

oxyl 15.55 

4-Fluorophenoxide ion 4.165 

1-( 4-FI uoropheny lazo)-2-naphthoI 11.97 

7 -Fluoro-2-phenyl-l ,2-benzisoselenazol-3-one 13.37 
3-(4-Fluorophenyl)furan 5.41 

4-Fluorophenyl methyl sulfide 13.21 

p-Fluorophenyl methyl sulfide 13.21 
3-(4-Fluorophenyl)thio-l-propanol 13.134 

4' -Fluoropivalothiophenone 13.128 

p-Fluorothioanisole 13.21 
Formamide, N,N-dimethyl- 17.31 
Fucoxanthin 2.67 

Fullerene-C6o 17.32 
Fullerene-C70 17.33 

2-Furaldehyde 5.9 

2-Furaldehyde,5-(2-hydroxyethoxy)methyl- 5.10 

2-Furaldehyde,5-(hydroxymethyl)- 5.11 

2-Furaldehyde, 5-(methoxymethyl)- 5.12 
2-Furaldehyde, 5-methyl- 5.13 

Furan 5.14 

Furan,2-acetyl- 5.15 

Furan,2,5-bis(4-bromophenyl)- 5.16 

Furan,2,5-bis(4-chlorophenyl)- 5.17 

Furan,2,5-bis(ethoxycarbonyl)- 5.60 

Furan,2,5-bis(hydroxymethyl)- 5.18, 10.2, 10.3, 10.23, 10.' 

10.26, 13.104, 13.106, 16.37, 16.64, 17.77 

Furan,2,5-bis(methoxycarbonyl)- 5.61 

Furan, 2,5-bis( 4-methoxyphenyl)- 5.19 
Furan,2,5-bis(4-methylphenyl)- 5.20 

Furan, 2-bromo- 5.21 

Furan, 2-( 4-bromophenyl)- 5.22 

Furan,3-(4-bromophenyl)- 5.23 
Furan,2-tert-butyl- 5.24 

Furan,2-(4-chlorophenyl)- 5.25 

Furan, 2-cyano-5-methyl- 5.64 
Furan,2-(4-cyanophenyl)- 5.26 

Furan, 2,5-dibromo- 5.27 
Furan. 2.5-c1i-tert-hutyl- SA2R 

Furan, 2,3-dihydro- 5.29, 7.59 

Furan, 2,3-dihydro-4,5-dimethyl- 5.30 
Furan, 2,3-dihydro-5-methyl- 5.31 

Furan,2-(dimethoxymethyl)-5-(methoxymethyl)- 5.32 

Furan, 2,4-dimethyl- 5.33 

Furan, 2,5-dimethyl- 5.34, 7.59, 9.28 

Furan,2-[(1,1-dimethylethoxy)methyl]- 5.35 

Furan, 2-[2-(1,3-dioxolanyl)- 5.36 
Furan, 2,3-diphenyl- 5.37 

Furan,2,5-diphenyl- 5.38,4.50,5.25,5.44,5.47,5.50,5.83 

Furan,3,4-diphenyl- 5.39 
Furan,2-[(4-ethoxycarbonyl)phenyl] 5.40 

Furan,3-(4-fluorophenyl)- 5.41 
Furan, 2-methoxy- 5.42 ,. 

Furan,2-(methoxymethyl)- 5.43 

Furan,2-(4-methoxyphenyl)- 5.44 

Furan,3-(4-methoxyphenyl)- 5.45 
Furan, 2-methyl- 5.46 

Furan, 2-( 4-methylphenyl)- 5.47 

Furan,3-(4-methylphenyl)- 5.48 
Furan,2-(4-nitrophenyl)- 5.49 

Furan, 2-phenyl- 5.50 

Furan.3-phenyl- 5.51 
Furan, tetraphenyl- 5.52 

Furan, 2-vinyl- 5.53 
2-Furancarboxaldehyde. 5-(2-hydroxyethoxy)methyl- S.l 

2-Furancarboxaldehyde,5-(hydroxymethyl)- 5.11 
2-Furancarboxaldehyde,5-(methoxymethyl)- 5.12 

2-Furancarboxaldehyde,5-methyl 5.13 
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2..:Furancarboxylic acid 5.54 

2-Furancarboxylic acid, 5-bromo-, ethyl ester 5.55 

2.,Furancarboxylic acid, ethyl ester 5.56 

2-Furancarboxylic acid, methyl ester· 5.57 

3-Furancarboxylic acid, 4,5-dihydro-2-methyl-, methyl 
ester 5.58 

2,5.,.Furandicarboxaldehyd~ 5.59 

2,5-Furandicarboxylic acid, diethyl ester 5.60 

2,5-Furandicarboxylic acid, dimethyl.ester 5.61 

3,4.,.Furandicarboxylic acid, diethyl ester 5.62 

2,5-Furandimethanol 5.18, 10.2, 10.3, 10.23, 10.24, 10.26, 

13.104, 13.106, 16.37, 16.64,17.77 

2-Furanitrile 5.63 

2-Furanitrile.5-methyl- 5.64 
2-Furanmethanamine, N-methyl..; 5.65 

2-Furanmethanediol, diaceate 5.66 
2-Furanmethanol, Ct,Ct-diphenyl;,. ;.67 

2-Furanmethanol, cx-(diphenylmethyl)- 5.68 

2-Furanmethanol, cx-methyl- 5.69 
2-Furnnmcthnnol, Ot-phenyl- S.70 

2-Furanmethanol, cx-(2-phenylethyl)- 5.71 

2-Furanmethanol, cx-(phenylmethyl)- 5.72 

2-Furanmethanol, cx-(3-phenylpropyl)- 5.73 

3-Furanmethanol,5-(phenylmethyl)- 5.74 

3-Furanmethanol, 5-(phenylmethyl}·, acetate 5.75 

3-Furanmethanol, 5-(phenylmethyl)-, ester with 2,2-
dime thy 1-3-(2-methy 1-1-
propenyl)cyc1opropanecarboxylic acid 5.76 

2-Furanone,3-(1-methylethylidene)- 2.227 

[2,2](2,5)Furanophane 5.77 

Furfural 5.9 

Furfural diacetate 5.66 

Furfuryl alcohol 5.78,2.51,4.1,4.12,4.40,4.41,4.92,4.93, 

4.106,4.107,4.108,4.112,4.113,4.115,4.121, 4.129, 4.130, 
4.737,4.735,4.737,4.738,4.739,4.140,4.146, 4.150, 4.151, 

4.155,4.156,4.157, 4.158, 4.159, 4.161, 4.163, 4.164, 4.169, 
4.170,4.171,4.172,4.173,4.174,4.176,4.177, 4.178, 4.179, 
4.182, 5.9, 5.10, 5.11, 5.12, 5.13, 5.14, 5.18, 5.32, 5.34, 5.35, 

5.36,5.46, 10.20, 10.23, 10.27, 10.34, 13.76, 13.108, 13.109, 

13.111 

Furfurylamine 5.79 

Furfuryl methyl ether 5.43 

Furo[2,3-h] [1 ]benzopyran-2-one 5.1 

Furo[3,2-g][l]benzopyran-7-one 5.86 

Furo[3,2-g][l]benzopyran-7-one,9-methoxy- 5.87 

2-Furoic acid 5.54 

2-Furonitrile 5.63 

Furyl methyl ketone 5.15 

Galangin 4.65 

Gallium, tetranaphtho[2,3-b:2',3' -g:2",3" -1:2",3"-
. q ]porphyrazinatobis( trihexy lsilanolato)- 7.25 

Gentian Violet 11.44 

Geraniol 2.281 

Glaucine 8.21 

Glucose 16.34 

Glutamylcysteinylglycine,negative ion 13.100 

Y-L-Glutamyl-L-cysteiny 19l ycine 13.99 

Glutathione 13.99 

Glutathione, negative ion 13~100 
Glycero':'3-phosphocholine 17.53 

Glycine 10.15 

Glycine, glycyl- 10.16 

Glycine, glycylglycyl- 10.17 

Glycine, glycylglycylglycyl- 10.18 

Glycine, glycyl-L-histidyl- 10.19 

Glycine, histidyl- 10.20 
Glycine, N-(2-mercapto-l-oxopropyl)- 13.101 

Glycine, N-(2-mercapto-I-oxopropyl)-, negative ion 
13.102 

Glycine, tryptophyl- 10.21 

Glycine, L-tryptophylglycyl- 10.22 

Glycine, L-tyrosyl- 4.76 
Olycylglycine 10.16 

Glycylglycylglycine 10.17 

Glycylglycylglycylglycine 10.18 

Glycylglycyl-L-histidine 10.28 

Glycylhistidine 10.27 

Glycy]-L.:histidylglycine 10.19 

Glycylmethionine 13.109 

Glycyltryptophan 10.41 

Glycyltyrosine 4.189 

Glycyl-L-tyrosyl-L-alanine 4.1 

Gold(I) methanethiol triethylphosphine complex 12.159 

Gold(I) tetra-O-acetylglucose-l-thiol triethylphosphine 
complex 12.170 

Guaiacol 4.129 

Guanine 16.35 
Guanosine 16.36 

Guanosine,2'-deoxy- 16.37 
Guanosine monophosphate 16.38 

Guanosine 5'-monophosphate 16.38 

5' -Guanylic acid 16.38 
Hclinnthrcnc 3.67 

Hematoporphyrin derivative 7.14 

Hematoporphyrin-human serum albumin complex 7.15 

Hematoporphyrin IX 7.72 

1,6-Heptadiene-3,5-dione, 1, 7-bis( 4-hydroxy-3-
methoxyphenyl)- 4.77 

Heptane 17.34 

1,7-Heptanediamine, NN-diethyl- 8.31 

3,5-Heptanedione, 4-[[2-ethyl-4-
(diethylamino)phenyl]imino]-2,2,6,6-tetramethyl-
11.67 

I-Heptene 2.228 

cis-2-Heptene 2.229 
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(Z)-2-Heptene 2.229 

Heterocoerdianthrone 3.68 

Hexaamminecobalt(ill) ion 12.145 

(all-E)-1,3,5,7,9,11,13,15,17,19,21,23,25-
Hexacosatridecaene,3,7,11,16,20,24-hexamethyl-
1,26-bis(2,6,6-trimethyl-1-cyclohexyl- 2.230 

2,4,6,8,10,12,14-Hexadecaheptaene-1, 16-dione, 1, 16-bis(3-
hydroxy-1,2,2-trimethylcyclopentyl)-6,11-dimethyl
[lR-[la[2E,4E,6E,8E,10E,12E,14E,16(lR*,3S*)],3~]-

2.231 

2,4,6,8,10,12,14-Hexadecaheptaene-1, 16-dione, 1, 16-bis( 4-
hydroxy-1 ,2,2-trimethylcyclopentyl)-6, 11-dimethyl
[lR-[la[2E,4E,6E,8E,10E,12E,14E,16(lR*,4S*)],4~]-

2.232 
Hexadecanoic acid 17.37 

4,6,8,10, 12-Hexadecapentaene-3, 14-dione, 6, 11-dimethy 1-
2,2,15,15-tetramethoxy- (all-E) 2.233 

4,6,8,10,12-Hexadecapentaene-2,3,14, 15-tetraone, 6,11-
dimetbyl- (all-E) 2.234 

2,6,10,14-Hexadecatetraene, 2,6,10, 14-tetramethy 1- 2.235 
2-Hexadecene, 1-ethoxy-3,7,11,15-tetramethyl- 2.236 

2-Hexadecene, 1-methoxy-3,7,11,15-tetramethyl- 2.237 

2-Hexadecen-1-o1,3,7,11,15-tetramethyl- 2.238 

2-Hexadecen-l-ol, 3,7,11,15-tetramethyl-, acetate 2.239 

1,5-Hexadiene 2.240 

2,4-Hexadiene,2,5-dimethyl- 2.243, 13.87, 13.88 

cis-2,trans-4-Hexadiene 2.242 

(E,E)-2,4-Hexadiene 2.241 

(E,Z)-2,4-Hexadiene 2.242 

trans ,trans-2,4-Hexadiene 2.241 

3,4,5,6,7,8-Hexahydro-l-benzopyran-2-one 2.92 

1,2,3,10,11,12-Hexahydrodiindeno[5,6-a:5',6'-Jlperylene-
8,17 -dione 3.65 

Hexahydro-1 ,2-dimethy Ipyridazine 8.91 
cis-( -)-2,3,4,4a,S,9b-Hexnhydro-2,8-dimethy lpyrido[ 4,3-

b ]indole 6.56 

1,2,3,8,9,10-Hexahydro-3,3,5,6,8,8-hexamethylbenzo[I,2-
b:4,3-b']dipyran 5.2 

2,3,4,7,8,9-Hexahydro-2,2,5,7,7,10-hexamethylbenzo[I,2-
b:4,5-b']dipyran 5.3 

Hexahydropyrazolo[l ,2-a][1 ,2]diazepine 8.88 

3,4,6,7,9,10-Hexahydro-3,3,6,6-tetramethyl-1,8-
acridinedione 6.1 

Hexamethoxybenzene 3.42 
1,2,3,4,5,6-Hexamethylbicyclo[2.2.0]hexa-2,5-diene 2.29 

Hexamethylbicyclo[2.2.0]hexa-2,5-diene 2.29 

Hexamethyl Coa Co~-dicyano-7 -dee carboxymethyl)-7 ,8-
didehydrocobyrinate 16.16 

Hexamethyldewarbenzene 2.29 

Hexamethylenedithiocarbamate 13.1 

Hexamethy lenetetramine 8.32 

1,3,3,1 ',3',3' -Hexamethyl-8, 1 0-indolo-2,2' -carbocyanine 
iodide 11.40 

1,1 ',3,3,3',3' -Hexamethylindotricarbocyanine iodide 
11.182 

1,1',3,3,3',3'-Hexamethylindotricarbocyanine perchlorate 
11.183 

2,6,10,15,19 ,23-Hexamethyl-2,6, 1 0, 14, 18,22-
tetracosahexaene (all-E) 2.346 

1,1',3,3,3' ,3' -Hexamethy 1 tricarbocyanine, fluoride 11. J K 1 

1,1',3,3,3',3' -Hexamethyltricarbocyanine, iodide 11.1 X2 

1,1 ',3,3,3',3'-Hexamethyltricarbocyanine, perchlorate 
11.183 

Hexanoic acid 17.38 

1-Hexanol,6-(4-methylphenyl)thio;. 13.103 

Hexaphenylisobenzofuran 5.84 

2-Hexene 2.244~ 2.116 

cis-3-Hexene 2.246 

(E)-3-Hexene 2.245 
trans-3-Hexene 2.245 

(Z)-3-Hexene 2.246 

Histamine 6.5 
Histidine 10.23,4.10,4.11,4.12,4.20,4.35,4.111,4.153, 1.1!·J 

4.155,4.156,4.157,4.162,4.175,4.176,4.177,4.178,5.81. 
6.20, 6.22, 6.26, 6.29, 10.29, 10.36 

Histidine, ~-alanyl-1-methyl- 10.25 

Histidine, glycyl- 10.27 

L-Histidine, ~-alanyl- 10.24 
L-Histidine, N-(4-amino-l-oxobutyl)- 10.26 

L-Histidine, glycylglycyl- 10.28 

Histidiny 1-~-alanine 10.3 

Histidylglycine 10.20 

Homocamosine 10.26 

Hydrazine, 1 ,2-bis( 1-methylethylidene)- 15.3, 2.40 

Hydrazine, 1,2-diethyl-l,2-dimethyl- 8.33 

Hydrazine, 1,2-dimethyl-1,2-dibutyl- 8.34 

Hydrazine, 1,1-dimethyl-2,2-di(2,2-dimethylpropyl)- 8.35 

Hydrazine, 1 ,2-dimethyl-l ,2-di(2,2-dimethylpropyl)- 8.36 

Hydrazine, 1,I-dimethyl-2,2-di(2-methylpropyl)- 8.37 

Hydrazine, 1 ,2-dimethyl-l ,2-di(2-methylpropyl)- 8.38 
Hydrazine, 1 ,2-dimethyl-l ,2-dipentyl- 8.39 

Hydrazine, 1,2-dimethyl-1,2-dipropyl- 8.40 
Hydrazine, tetramethyl- 8.41 

Hydrazine, tetra(methyl-d3)- 8.42 
Hydrazine, tetra(2-methylpropyl)- 8.43 

Hydrazine, 1,1 ,2-trimethyl-2-(2,2-dimethylpropyl)- 8.44 

Hydrazine, 1,1 ,2-trimethyl-2-(2-methylpropyl)- 8.45 

Hydrazine hydrate 14.7 

Hydrogen azide 14.3 

Hydroperoxide, 2,5-cyclooctadien-1-yl- 2.130 
Hydroperoxide, 1,1,6-trimethyl-2,5-heptadienyl- 2.274 

6-Hydroperoxy-l,4-cyclooctadiene 2.130 

Hydroperoxy-2,6-dimethyl-2,6-octadiene 2.278 

6-Hydroperoxy-2,7-dimethyl-2,7-octadiene 2.279 

7-Hydroperoxy-2,7-dimethyl-2,5-octadiene 2.274 
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5-Hydroperoxy-4-methyl~3-octene 2.286 

Hydropeioxy-2,6, 1 O-trimethy 1-2,6,1 O-dodecatriene 2.209 

Hydroquinone 4.12 
Hydroquinone, ch1oro~ 4.20 

Hydroquinone, 2,5~di-tert-butyl- 4.14 
Hydroquinone, . 2,5-di(2,2-dimethylpropy 1)- 4.16 

Hydroquinone, 2,5-di-sec-dodecyl- 4.17 

Hydroquinone,. 2,5-di~sec-hexadecy1- 4.18 

Hydroquinone, 2,3-dimethoxy-5~methyl- 4.21 

Hydroquinone,2,3';dimethy1- 4.22 
Hydroquinone,2,5-dimethyl- 4.23 

Hydroquinone,2;6-dimethyl- 4.24 
·Hydroquinone,2,5-di-sec-octyl- 4.19 
Hydroquinone, trimethyl- 4.31 

·Hydroquinone dianion· 4.13 

Hydtoquinone dimethyl ether 3.40 
Hydroxide-d ion 14.8 

4' -Hydroxy acetophenone 4.93 

p-Hydroxyacetophenone 4.93 
Hydroxyaluminum(ID) tetra( I-phenyl)-2,3-

naphtha10cyanine 7.23 

2-Hydroxybenzoate ion 4.35 
4-Hydroxybenzonitrile 4.112 
2-Hydroxybiphenyl 4.141 
2-Hydroxybiphenyl, conjugate base 4.180 
4-Hydroxybiphenyl, conjugate base 4.181 

Hydroxybis( dimethy 19lyoximato)pyridinecobalt(ll) 12.146 
Hydroxybis( dimethylglyoximato )triethy laminecobalt(II) 

.12.147 
Hydroxybis( dimethylglyoximato )triphenylphosphinecobalt(ll) 

12.148 
Hydroxybis( dipheny 19lyoximato )pyridinecobalt(ll) 12.149 

Hydroxy bis( dipheny 19lyoximato )tripheny lphosphinecobalt(ll) 
12.150 

D( -)-~-Hydroxybutyrate dehydrogenase 10.11 

2-(2'-:Hydroxy-3' -:chloro-5 I -tert-butylphenyl)benzotriazole 
4.97 

2-Hydroxycinnamic acid 4.69 

o-Hydroxycinnamic acid 4.69 
6-Hydroxy-l,4-cyclooctadiene 2.134 
4-Hydroxy-5,6-dimethyl-2-(dimethylamino)pyrimidine 

16.69 

3-Hydroxy-3,4-dimethylpentyl p-methylphenyl sulfide 
13.119 

4-(I-Hydroxy-2,2-dimethyl)propyl-2-methoxyphenol 4.127 

2-(2' -Hydroxy-3 /,5' -di-tert-pentylphenyl)benzotriazole 
4.96 

3-Hydroxydiphenylamine 4.142 
3-Hydroxy-l ,3,5( 1 O),9( 11 )-estratetraen-17 -one 16.31 

5-(2-Hydroxyethoxy )methylfuran-2-carboxaldehyde 5.10 

2-Hydroxyethylsulfide ion 13~96 

N-(2-Hydroxyethyl)-2,2,6,6-tetramethylpiperidine 8.68 

Hydroxyethylvinyldeuteroporphyrin 7.92 

3-Hydroxyflavone 4~74 

5~Hydroxyindole 6.12 

Hydroxylamine, N,N-dibenzyl- 15.11 

Hydroxylamine, N,N-diethyl- 15.23 

Hydroxylamine, N ,N-diethyl-, conjugate acid 15.24 

4-Hydroxy-3-methoxycinnamic acid 4.70 

17-Hydroxy-4-methyl-4-androsten-3-one 16.4 

2-Hydroxy-3-methy 1-2-cyclohexen-l-one 2.128 

4-H ydroxy-6-methy 1-2-( dimethy lamino )pyriniidine 16.70 
5-(Hydroxymethyl)furan-2-carboxaldehyde 5.11 

5-(Hydroxymethyl)furfural 5.11 

4-Hydroxymethyl-2-(pheny lmethyl)furan 5.74 
3-Hydroxy-N-mcthylpipcridine 8.70 

4-Hydroxy -N-methy Ipiperidine8. 71 

N-[5-Hydroxy-8-[[2-(methylsulfonyl)-4-nitrophenyl]azo]-
I-naphthalcnyJ-l,3-bcnzcncdisulfonamide, conjugate 
base 11.85 

N-[5-Hydroxy-8-[[2-(methylsulfonyl)-4-nitrophenyl]azo]
I-naphthalenyl-l ,3-benzenedisulfonamide, conjugate 
dibase 11.86 

2-Hydroxynaphthalene 4.89 
5-Hydroxy-l,4-naphthoquinone 4.90 

6-Hydroxy-l,4-naphthoquinone 4.91 
4-Hydroxy-4-(2-naphthyl)-2,2,6,6-tetramethy Ipiperidine-l-

oxyl 15.31 

2-Hydroxy-4-octyloxybenzophenone 4.43 

6-Hydroxy-2,2,5,7,8-pentamethylchroman 4.49 
4-Hydroxy-l,2,2,6,6-pentamethylpiperidine 8.72 

1-(4-Hydroxyphenylazo)-2-naphthol 11.98 
4-Hydroxy -4-(2-pheny lethyny 1 )-2,2,6,6-

tetramethylpiperidine N-oxyl 15.32 

N-[ (2-Hydroxypheny l)methylene ]benzenamine, N-oxide 
15.7 

2-Hydroxyphenyl phenyl niu-one IS.7 

3-(p-Hydroxyphenyl)propionic acid 4.34 

N-(3-Hydroxypropyl)-N,N~dimethylamine 8.82 
8-Hydroxyquinoline 6.73 

6-Hydroxy-2,5,7,8-tetramethy1chroman-2-carboxylate ion 
4.44 

3-(6-Hydroxy-2,5,7,8-tetramethylchroman-2-y1)propionic 
acid 4.66 

4-Hydroxy-2,2,6,6-tetramethylpiperidine 8.77,8.19 

4-Hydroxy-2,2,6,6-tetramethylpiperidine-l-oxyl 15.33 
4-Hydroxy-2,2,6,6-tetramethylpiperidine N-oxyl . 15.33 

p-Hydroxythioanisole 13.120 

3-Hydroxytyramine 4.5 

dl-Hyoscyamine 8.1 
Hypericin 16.60 

Imidazole 6.6 

Imidazole,4-methyl- 6.7 

Imidazole-4-ethanamine 6~5 

.1 Ph\lCl r.hAm AAf nAtA Vnl '4. Nn. 2. 1~~5 
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lmidazole-4-ethanantinium, a-carboxy-2,3-dihydro-N,N,N- Indole-3-propionic acid 6.30 
trimethyl-2-thioxo-, S, inner salt 13.104 Indolium, 2-[7-[4-bromo-l-(1,3,3-trimethy{- 2-indol-/ 

Irnidazole-4-ethanaminium, a-carboxy-2,3-dihydro-N,N,N- ylidene)]-1,3,5-heptatrienylJ -1,3,3-
trimethyl-2-thioxo-, ion 13.105 trimetetrafluoroborate 11.70 

lmidazole-4-propionic acid, a-arnino-2,3-dihydro-2-thioxo-, Indolium, 5-chloro-l-[7-(5-chloro-l ,3-dihydro )-1,3,3-
(S) 13.106 trimethylindol-2-ylidene)-1,3,S-heptatrienyl]-, i\lI\ 

Imidazo[1,2-a]pyrazin-3-one, 4-methyl-6-[4-[2-[3-carboxy- 11.178 
4-{6- Indolium,2-[7-{4-chloro-l-{1,3,3-trimethyl-2-indol-
hydroxy -3-xanthenon-9-yl)pheny lthiocarbamy lethoxy ]pheny 1]- 2-ylidene) ]-1,3 ,5-heptatrieny 1]-1 ,3,3-trimethy 1-, 
16.39 tetrafluoroborate 11.71 

Imidazo[1 ,2-a ]pyrazin-3-one, 2-methyl-6-( 4- Indolium, 1-[7-(1 ,3-dihydro )-1 ,3,3,5-tetramethy]jndoJ .' 
methoxyphenyl)- 16.40 ylidene)-1,3,5-heptatrienyl]-, iodide 11.184 

Imidazo(I,2-a)pyrazin-3-one,2-methyl-6-phenyl- 16.41 Indolium, 1-[7-(1,3-dihydro)-1,3,3-trimetbylindol-2-
5-lminodaunomycin 4.81 ylidene)-1,3,5-heptatrienyl]-, fluoride 11.181 
Indene 3.69 Indolium, 1-[7-( 1 ,3-dihydro )-1,3 ,3-trimethy lindol-2-
Indene,1,2-diphenyl- 3.70 ylidene)-1,3,5-heptatrienyl]-, iodide 11.182 

Indene,1-methyI-2-phenyl- 3.71 Indolium,1-17-(1,3-dihydro)-1,3,3-trimethylindol-2-
lndene, 3-methyl-2-phenyl- 3.71 yJidene )-1 ,3,5-heptatrienylj-, perchlorate 11.183 

Indene, 1, I' -spirobis[5 ,6-di(methoxycarbonyl)-3,3-
dimethyl- 3.98 

Indene-l,3-dione, 2-(2-quinolylidene)- 11.68 

Indigo 11.69 

Indole 6.8 
Indole, 5,6-dimethoxy- 6.9 
Indole, 1,3-dimethy]- 6.10 
Indole,2,3-dimethyl- 6.11 
Indole, 5-hydroxy- 6.12 
Indole, 5-methoxy- 6.13 
Indole, 5-methoxy-l,2,3-trimethyl- 6.14 
Indole, I-methyl- 6.15 
Indole, 3-methyl- 6.16 
Indole, I-methyl-3-(~-methoxyvinyl)- (E) 2.247,2.248 

Indole, I-methyl-3-(~-methoxyvinyl)- (Z) 2.248 

Indole,3-methyl-2-phenyl- 6.17 
Indole, l-(phcnylsulfonyl)- 3~(J3-mcthoxyvinyl)- (E) 2.247, 

2.249 

Indole, 1-(phenylsulfonyl)-3-(B-methoxyvinyl)- (2) 2.249 
Indole, 1,2,3-trimethyl- 6.18 

Indole, 1,2,3-trimethyl-S-nitro- 6.19 

Indole-3-acetate ion 6.20 
Indolc-3-acctic add 6.21 

Indole-3-butyrate ion 6.22 

Indole-3-butyric acid 6.23 

3-Indolebutyric acid 6.23 
Indole-3-carbinol 6.24 
Indole-3-carboxylate ion 6.26 
Indole-2-carboxylic acid 6.25 
Indole-3-carboxylic acid 6.27 
3-Indolemethanol 6.24 
Indole-3-propanamide, a-amino- 10.43 
Indole-3-propionamide 6.28 
Indole-3-propionate ion 6.29 

Indolium, 5-fluoro-l-[7-(5-fluoro-l ,3-dihydro)-1,3,3-
trimethylindo]-2-ylidene)-1,3,5-heptatrienyl]-, iUlll·1 

11.179 

Ind olium, 2-[7 -[ 4-i odo-1-( 1 ,3,3-trimethy 1-2-indol ~ 
2-ylidene )]-1 ,3,5-heptatrienyl]-1 ,3,3-trimethyl-, 
iodide 11.72 

Indolium,2-[7-[4-iodo-l-{1,3,3-trimethyI-2-indol-
2-ylidene )]-1 ,3,5-heptatrieny1]-1 ,3,3-trimethy1-, 
tetrafluoroborate 11.73 

Indolium, 5-methox y -1-[7 -(5-methoxy -1 ,3-dihydro )-1 ,:~, .. 
trimethylindol-2-ylidene)-1,3,5-heptatrienyl]-, iodl.1 

11.180 
IndoIium, 2-[7-(1,3,3-trimethyl-2-indol-2-ylidene)- 1-[4 

(2,2-dimethoxyethyl)- I ,3,5-heptatrienylJ- 1,1,3-
trimethyl-, tetrafluoroborate 11.74 

Indolium,2-[7-(1,3,3-trimethyl-2-indol-2-ylidene)-I-
[4-( I-piperidinio )-1 ,3,5-heptatrienyl]-1 ,3,3-trimet i I \ 
bis(tetrafluoroborate) 11.75 

Indolium, 2-[7-(l,3,3-trimcthyl-2-indol-2-ylidcnc)- 1-[4 I 

(1,3,3-trimethyl-2-indolylidene)-2-propenyl]- 1,3,) 
heptatrienyl]-1,1,3-trimethyl-, tetrafluoroborate j I 

:)-lndolol 6.12 

Inosine diphosphate, ester with ] ,4-dihydro-l-f3-D-
ribofuranosyl-3-pyridinecarboxamide 16.42 

Iodide ion 14.9 
Iodine 14.10 

Iodoethane 17.28 

4-Iodophenoxide ion 4.168 
1-( 4-Iodophenylazo )-2-naphthol 11.99 
4-Iodo-2,2,6,6-tetramethylpiperidin-l-oxy 1 15.42 
2-[7-(4-Iodo-I,3,3-trimethyl-2-indol-2-

ylidene )-1 ,3,5-heptatrienyl]-1 ,3,3-trimethyIindoliUl 
iodide 11.72 

2-[7 -( 4-Iodo-l,3,3-trimethyl-2-indol-2-
ylidene)-1,3,5-heptatrienyl]-1,3,3-trimethylindoliUi 
tetrafluoroborate 11.73 

p-Ionone 2.61 
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IR 125 11.29 

IR 132 11.108 

IR 140 11.33 

IR 144 11.30 

Iridium(I) bromocarbonylbis( triphenylphosphine) 12.119 

Iridium(I) carbony lchlorobis( tripheny Iphosphine) 12.123 

lridium(I) carbonyliodobis(triphenylphosphine) 12.125 

Iron(llI) (acetato)mesoporphyrin IX, dimethyl ester 7.74 

Iron(ID) (acetato)5,10,15,20-tetraphenylporphyrin 7.47 

Iron(ID) bis(diisopropyldithiocarbamate) 12.48 

Iron(ID) (chloro)5,10,15,20-tetraphenylporphyrin 7.49 

Iron(ll) 5,10,15,20-tetraphenylporphyrin, Jl-oxobis- 7.69 

Iron(ID) (thiocyanato-S)5, 1 0, 15,20-tetraphenylporphyrin 
7.70 

Iron(ID) tris(acetylacetonate) 12.174 

Isobenzofuran 5.80 
Isobenzofuran,1,3-bis[4-(11-carboxynonyl)phenyl]-4,7-

dihydro-5,6-dimethyl-, dianion 5.81 

Isobenzofuran,5,6-dimethyl-l,3-diphenyl- 5.82 

Isobenzofuran,1,3-diphenyl- 5.83,2.51,3.60,3.96,3.98,4.49, 

4.54,4.184,4.185,6.39, 7.5, 7.78,8.19, 10.23, 10.34, 10.35, 

10.36, 10.38, 10.42, 11.33, 11.37, 11.38, 11.70, 11.71, 11.72, 
11.73, 11.75, 11.76, 11.109, 11.174, 11.178, 11.179, 11.180, 

11.181,11.182,11.183,11.184, 12.20, 12.21, 12.22, 12.23, 

12.84, 12.138, 13.63, 13.64, 13.108, 13.169, 13.170, 13.171, 

15.1, 17.30 

Isobenzofuran, hexaphenyl- 5.84 

Isobenzofuran, 1,3,4,7-tetraphenyl- 5.85 

Isobuty lamine 8.85 

Isobutylene 2.337 

2-Isobuty lideneadamantane 2.355 

Isobutyl sulfide 13.77 

(-)-Isocaryophyllene. 2.34 

Isodicyclopentadiene 2.254 

Isoilldole, 1,1,3-triphenyl-, 2-oxide 15.25 

Isoprene 2.42 

Isopropanol 17.61 

Isopropyl alcohol 17.61 

Isopropylamine 8.28 

1-Isopropy lamino-4-pheny laminobenzene 9.30 
6-Isopropyl-3,4-dihydropyran-5-carboxylic acid ethyl ester 

5.99 

2-Isopropy lideneadamantane 2.353 

2-(Isopropylidene )cyclopentanone 2.155 

Isopropylidenecyclopropane 2.170 

3-Isopropy lidene-2-furanone 2.227 

l-Isopropyl-4-methyl-1,3-cyc1ohexadiene 2.105 

4-Isopropyl-l-methylcyc1ohexene 2.125 

Isopropy I sulfide 13.78 

Isopsoralen 5.1 

Isostilbene 3.99 

Isozeaxanthin 2.81 

Juglone 4.90 

Kaempferol 4.64 

Ketene diethyl acetal 2.221 

2-Ketoglutaric acid 17.51 

Kryptocyanine cation 11.42 

Lactate dehydrogenase (cytochrome) 10.8 

Lauric acid 17.24 

Lead(II) bis(O,O'-diphenyldithiophosphate) 12.70 

Lead(lI) bis[2,2'-thiobis[ O,O'-di(4-tert-
butylphenyl)dithiophosphate]] 12.113 

Lead(II) 2,2'-methylenebis[ O,O'-di(4-tert-
butylphenyl)dithiophosphate] 12.157 

Lecithin 17.53 

I.-l.encine, L-methionyl- 13.107 

Leucomalachite Green 11.77 

Limonene 2.124, 13.8, 13.52, 13.97, 13.119, 13.136 

Linnlool 2.280,2.338, 13.53, 13.54, 13.55, 13.143, 13.144 

Linoleic acid 2.264 

Linolenic acid 2.267 
Ljnolenic acid, phenyl ester 2.270 

Lipoic acid 13.90,3.125 

Luciferase 10.29 

Luminofor Red-Violet 440RT 11.121,11.122,11.123, 11.124, 
11. 125, 11. 126, 11. 127 

Luminol 9.33 

Luminor8 11.121,11.122,11.123,11.124,11.125,11.126, 
11.127 

2,6-Lupetidine 8.58 

Lutein 2.75 

(all-E)-Lutein 2.75 

all-trans-Lutein 2.75 
Luteolin 4.60 

Lycopene 2.250 

Lycopene, (all-E)- 2.250 
(all-E)-Lycopene 2.250 

all-trans-Lycopene 2.250 
Lycopene, dihydroxy- 2.251 

Lysine decarboxylase (B. cadaveris) 10.30 

Lysozyme 10.30 

LysRSSR 10.30 

Magenta dye 9 11.154 

Magnesium(II) tetraphenylporphyrin 7.65 

Magnesium(II) 5,lO,15,20-tetraphenylporphyrin 7.65 

Malonic acid 17.39 

Manganese(III) (acetato)5, 10,15,20-tetrapheny lporphyrin 
7.48 

Manganese(II) bis( diisopropy ldithiocarbamate) 12.49 
Manganese(II) chloride hexahydrate 12.151 

Manganese(II) chloride tetrahydrate 12.152 

Manganese(III) mesoporphyrin diethyl ester 7.84 
Manganese(III) 5,10, 15,20-tetrapheny lporphyrin 7.66 

Manganese(lIl) tris( acety lacetonate) 12.175 
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Melanin (from DOPA) 4.78 

Menadione 16.44 

Menaquinone 16.44 

p-Menth-l-ene 2.125 

Merbromin 11.64 

2-Mercaptoethanes~1fonate ion 13.92 

2-Mercaptoethanol 13.95 

2-Mercaptoethanol, negative ion 13.96 

(S)-I-(3-Mercapto-2-methy 1-I-oxopropy 1)-L-proline 13.130 

2-Mercaptopropionylglycine 13.101 

2-Mercaptopropionylglycine, negative ion 13.102 

N-(2-Mercaptopropiony 1 )gl ycine 13.101 

Mercurochrome 11.64 

Merocyanine 540 11.39 

Mesitol 4.148 

Mesobilirubin IX '.9 
Mesodiphenylbenzhelianthrene 3.129 

Mesodipheny lhelianthrene 3.64 

Mesoporphyrin di[4-(diphenylmethylaminocarbonyl-2-
nitrophenylmethyl] ester 7.83 

Mesoporphyrin diester with N-benzhydryl-4-bromomethyl-
:1-nitrohenzarnjiJe 7.R3 

Mesoporphyrin IX, dimethyl ester 7.85 

Methacrylic acid 2.252 
Methanediol, 2-furanyl-, diacetate 5.66 

Methanesulfonamide, N-f2-[ [4-( 1 ,5-dihydro-3-methyl- 5-
oxo-l-phenylpyrazol-4-ylidene)amino]
methylphenyl]ethylamino]ethy]- 11.78 

Methanethione, bis( 4-chloropheny 1)- 13.159 

Methanethione, bis(4-methylphenyl)- 13.161 
Methanethione, (4-chlorophenyl)phenyl- 13.15'R 

Methanethione, (4-methoxyphenyl)phenyl- 13.162 

Methanethione, (2,2,6,6-tetramethy lcyc10hexy lidene)-
13.166 

2,5-Methano-l ,3-dithioIo[4,5-d][1 ,3]dithiin, dihydro-
2,3a,54rimethyl-7-methylene- 2.253 

4.7-Methanoindene.4.5.6.7-tetrahydro- 2.254 

Methanol 17.40 

Methanol, cyclohexylidene-, acetate 2.255 
Methanol, I-tricyc1o[3.3.L13,7Jdecylidene-, acetate 2.256, 

2.126 

1,4-Methanonaphthalene, 5 ,8-dimethoxy -1,2,3,4-
tetrahy dro-9-isopropy li dene- 2.257 

l,4-Methanonaphthalene, 5,6,7 ,8-tetrachloro-l ,2,3,4-
tetrahydro-9-isopropy lidene- 2.258 

1,4-Methanonaphthalene, 5,6,7 ,8-tetrafluoro-1 ,2,3,4-
tetrahydro-9-isopropy lidene- 2.259 

l,4-Methanonaphthalene, 1,2,3,4-tetrahydro- 3.72 

1,4-Methanonaphthalene, 1,2,3 ,4-tetrahydro-5 ,8-
dimethoxy- 3.73 

l,4-Methanonaphthalene, 1,2,3 ,4-tetrahydro-9-
isopropylidene- 2.260 

5 ,8-Methano-[ 1 ,2,4 ]triazolo[ 1 ,2-a ]pyridazine-l ,3-dionr . 
tetrahydro-2-methyl- 17.41 

Methenamine 8.32 

Methionine 13.108, 4.30, 4.76, 4.92, 4.152, 4.153, 4.157, 4 r' 

4.160,4.165,4.166,4.168,4.180,4.181,4.182,4.187, if f: 

10.21, 10.36, 10.41 

Methionine, glycyl- 13.109 

Methionine, S-methyl-N-(phenylmethyl)carbonyl-, metl1\ i 

ester 13.110 

Methionine methyl ester 13.111 

L-Methionyl-L-Ieucine 13.107 

Methone 17.15 

Methoxsalen 5.87 

9-Methoxyanthracene 3.12 

Methoxybenzene 3.43 

2-MethoxybicycIo[2.2.1 ]cyc1oheptene 2.20 

2-Methoxybiphenyl 3.59 

o-Methoxybiphenyl 3.59 

2-Methoxy-2-butene 2.55 

I-Methoxy-4-(butylthio )benzene 13.12 

2-(Methoxycarbonyl)phenoxide ion 4.41 

N-Methoxycarbonyltryptamine 10.35 

6-Methoxy-l,4-cyclooctadiene 2.131 

I -Methoxycyc1opentene 2.160 

3-Methoxy-4,6-di-tert-butylphenol 4.100 
2-Methoxy-N,N-dimethylaniline 9.11 

3-Methoxy-N,N-dimethylaniline 9.12 

4-Methoxy-N.N-dimethylaniline 9.13 
4-Methoxy-2,6-dimethylphenol 4.132 

3-Methoxyestra-l,3,5( 10),8-tetraen-17-one 16.28 
3-Methoxy-l ,3,5( 1 O),9( 11 )-estratetraen-17 -one 16.32, 

16.29, 16.30, 16.31, 16.33 

2-Methoxyfuran 5.42 
9-Methoxyfnro[3,2-g][1 ]henzopymn-7-one 5.87 

5-Methoxyindole 6.13 

3-Methoxy-2-methy 1-2-cyc1openten-l-one 2.167 
5-Methoxymethy 1-2-( dimethoxymethy1 )furan 5.32 

5-(Methoxymethy 1 )furan-2-carboxaldehyde 5.12 

5-Methoxy-4-[2-(methylsulfonyl)-4-nitrophenyl]azo-l-
naphthoxide .ion 11.88 

I-Methoxy-2-nitrobenzene 3.44 

2-Methoxynorbornene 2.20 
2-Methoxyphenol 4.129 

3-Methoxyphenol 4.130 

4-Methoxyphenol 4.131 
2-Methoxyphenoxide ion 4.169 

3-Methoxyphenoxide ion 4.170 

4-Methoxyphenoxide ion 4.171 

2-(4-Methoxyphenoxymethy lidene )adamantane 2.352 

I-Methoxy -4-(pheny lazo )naphthalene 11.59 

1-( 4-Methoxypheny laze;»-2-naphthol 11.100 

4-( 4-Methoxyphenylazo )-I-naphthol 11.89 
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7-Methoxy-2-phenyl-l,2-benzisoselenazol-3-one 13.38 

3-( 4~Methoxyphenyl)-2-cyclppentene-l-thione· 13.66 

3-( 4-Methoxyphenyl)-1,5-diphenyl-2-pyrazolil}.e 11.124 

5-(4-Methoxyphenyl)-l ,3-diphenyl-2-pyrazoline 11.125 

2-(4-Methoxyphenyl)furan 5.44 

3-( 4-Methoxyphenyl)furan 5.45 

4:;'(4'-Methoxyphenyl)imino;.3-methyl-l-phenyl-2-
pyrazolin~5-one 11.148 

4-Methoxyphenyl methyl sulfide . 13.22 

1-(4 ... Methoxyphenyl)-4~phenyl-l ,3-cyclopentadiene 2.148 

2-( 4-Methoxyphenyl)-3-phenyl-l,4-dioxene 2.195 

(4~Methoxyphenyl)phenylmethanethione 13,J62 

4-Methoxyphenyl phenyl sulfide 13.23 
1-(4-Mcthoxyphenyl)-4,4,8,87 tetramethyl-2,3,4,5,7,8,9,lO-

octabydropyrrolo[ 4,3,2-m,n ]acridine-l O-one 6.68 

I-Metho~y-4-(pheny lthio)benzene 13.23 
3-( 4-Methoxyphcny l)thio-l-propo.nol 13.13S 

4'-Methoxypivalothiophenone 13.129 

~-Methoxypsoralen 5.87 
5-Methoxyquinoline 6~74 

4-Methoxy-2,3,5,6-tetramethylphenol 4.133 

p-Methoxytbioanisole 13.22 

4-Methoxytbiobenzamide 13.154 

4-Methoxythiobenzophenone 13.162 

5-Methoxy-l,2,3-trimethylindole 6.14 

4-Methoxy-2,3,6-trimethylphenol 4.134 

m-Methoxy-a,(3,(3-trimethylstyrene 3.1 17 

p~Methoxy-a,(3,(3-trimethylstyrene 3.118, 3.115, 3.123 

. Methyl acetal of oxidized octaethylpurpurin ethyl ester 
7.16 

2-Methylacetophenone enol 2.219 

Methyl alcohol 17.40 

Methylamine, N ,N-bis(2-hydroxyethyl)- 8.46 

Methylamine, N,N-dimethyl- 8A7 
I-Methylamino-9, lO-diphenylanthracene 9.20 

Methyl tert-amyl ether 17.19 
N-Methylaniline 9.14 

9-Methylanthracene 3.13 

Methyl arachidonate 2.213 
t 4-Methy 1-1 ,2-bcnzcnedithiolato] (2,2' -

bipyridine )nickel(ll) 12.153 

[4-Methyl-l,2-benzenedithiolato])(1,lO
phenanthroline )nickel(ll) 12.154 

[4-Methyl-I,2-benzenedithiolato](l,lO-
phenanthroline )platinum(ll) 12.155 

Methyl benzoate 3.57 

Methyl-I,4-benzoquinone 16.13 

a-Methyl benzyl alcohol 3~55 

Methylbixin 2.176 

trans-Methylbixin 2.175 

Methyl4-bromophenyl sulfide 13.7 

2-Methyl-l,3-butadiene 2.42 

2-Methyl-2-butene 2.56,2; 122,2.161,2.307,2.309,2.310, 

3.110, 15.2, 15.13, 15.14, 15;15 

(E)-2-Methyl-2-butenoic acid 2.58 

3-Methyl-2-buten-l-ol 2.60 

Methyl tert-butyl ether 17.18 

Methyl 4-tert-butylphenyl sulfide 13.20 

Methyl butyl sulfide 13.57 

I-Methyl-4-(butylthio )benzene 13.13 

2-Methyl-6-[4-[2-[3-carboxy-4-(6-hydroxy-.3-xanthenon-9-
yl)phenylthiocarbamylethoxy]- phenyl]imidazo[l ,2-
a]pyrazin-3-one 16.39 

Methylcercosporin 16.58 

4-Methyl-2-(3~chlorophenyl)-5-pheny loxazole 6.33 

4-Methyl-2-( 4-chloropheny 1)~5-pheny loxazole 6.34 
. Methyl 3-chlorophenyl sulfide 13.14 

3-Methyl-2-[7 ..,(5-chloro-l ;3,3-trimethyl-2-
indolylidene )-1-(1 ,3,5-heptatrienyl)benzothiazolium 
iodide 11.34 

4-Methyl-4-cholesten-3-one 2.90 

I-Methylcyclobutene 2.98 
I-Methylcycloheptene 2.102 

I-Methyl-l,4-cyclohexadiene 2.107 

3-Methyl-l,2-cyclohexanedione, 2-enol 2.128 

I-Methylcyclohexene 2.122,2.11,2.21,2.120,2.153,2.161, 

2.236, 2.237, 2.238~ 2.239, 2.243, 2.309, 2.326, 2.327 

4-Methylcyclohexene 2.123 

I-Methylcyclooctene 2.138 

I-Methy1cyclopentene 2.161, 2.22, 2.122 

MethyI3,5-di-tert-butyl-4-hydroxybenzoate 4.39 

N-Methyldiethanolamine. 8.46 

5-Methyl-2,3-dihydrofuran 5.31 

Methyl 4,5-dihydro-2-methy 1-3-furancarboxylate 5.58 

4-Methyl-2,3-dihydropyran-2-t 5.97 

4-Methyl-2,3-dihydropyran-3-t 5.95 
4-Methyl-2,3..,dihydropyran-4-d 5.92 

4-Methyl-2,3-dihydropyran-4-t 5.93 

6-Methyl-3,4-dihydropyran-5-carboxylic acid ethyl ester 
5.98 

Methy 1 4:'( 1, I-dimethylethyl)phenyl sulfide 13.20 

2-Methyl-4,6-dinitrophenoxide ion 4.173 
4-Methyl-2,6-dinitrophenoxide ion 4.174 

Methylene, bis(cyclopropyl)cyclobutenylidene- 2.96,2.49, 
2.50,2.94,2.95,2.151,2.168,2.169,2.333,2.334,2.335, 

3.113 

2-Methylenebicyclo[2.2.1]heptane 2.11,2.9,2.13,2.14,2.21, 
2.23 

5-Methylenebicyclo[2.2.l]hept-2-ene 2.22,2.6,2.11,2.21, 
2.153 

2,2'-Methylenebis(6-tert-butyl-4-methylphenol) 4.136 

2,2'-Methylenebis[0,0'-di(4-tert
butylphenyl)dithiophosphate ]cobalt(ll) 12.156 

2,2'-Methylenebis[ 0,0' -di(4-tert-
butylphenyl )dithiophosphate ]lead(ll) 12.157 
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2,2'-Methylenebis[O,O'-di(4-tert-
buty lphenyl)dithiophosphate ]nickel(I1) 12.158 

Methylene Blue cation 11.113 

Methylene chloride 17.16 

Methylene-d2 chloride 17.17 

Methylenecyc10heptane 2.101 

Methylenecyc10hexane 2.112,2.101,2.153 

Methylenecyclopentane l.1S3 

2-Methylenenorbomane2.11, 2.9,2.13,2.14,2.21,2.23 

endo-2-Methy lenenorbomane-3-d 2.13 

exo-2-Methylenenorbornane-3-d 2.14 

5-Methylene-2-norbornene 2.22,2.6,2.11,2.21,2.153 

Methyl esters of fatty acids from peanut oil 17.42 

Methyl esters of fatty acids from soybean oil 17.43 

Methyl esters of fatty acids from sunflower oil 17.44 

Methyl 4-fluorophenyl sulfide 13.21 
3-Methyl-2-[7-(5-fluoro-l,3,3-trimethyl-2-

indoly lidene )-1-( 1 ,3,5-heptatrienyl)benzothiazolium 
iodide 11.35 

2-Methylfuran 5.46 

5-Methylfuran-2-carboxaldehyde 5.13 

5-Methyl-2-furanitrile 5.64 

5-Methylfurfural 5.13 

a-Methyl furfuryl alcohol 5.69 
N-Methylfurfurylamine 5.65 

Methyl2-furoate 5.57 

3-Methylheptane 17.35 

4-Methy Iheptane 17.36 
Methylhydroquinone 4.29 

4-Methylimidazole 6.7 
2.2' -Methyliminodiethano1 8.46 

I-Methylindole 6.15 

3-Methylindole 6.16 

2-Methy 1-5-isopropylthiacyc1opent-2-ene-l-oxide 13.144 

Methyllinoleate 2.265,4.46,4.50,4.53 

Methyllinolenate 2.269 

4-(Methy lmercapto )pheno] 13.120 

(E)-I-Methyl-3-(~-methoxylvinyl)indole 2.247,2.248 

(Z)-1-Methyl-3-(~-methoxylvinyl)indole 2.248 
2-Methyl-6-(4-methoxyphenyl )imidazo[ 1 ,2-a]pyrazin-3-

one 16.40 

4-Methyl-2-( 4-methoxypheny 1)-5-pheny loxazole 6.35 
Methyl 4-methoxyphenyl sulfide 13.22 

3-Methyl-2,;.[7 -(5-rnethoxy-l,3,3-trimethyl-2-
indolylidene )-1-(1 ,3,5-heptatrienyl)benzothiazolium 
iodide 11.36 

(R)-1-MethyI-4-( I-methyletheny I)cyclohexene 2.124, 13.8, 
13.52, 13.97, 13.119, 13.136 

I-Methyl-4-(1-methylethyl)-1,3-cyclohexadiene 2.105 

2-Methyl-5-( I-methy lethy 1)-1 ,3-cyclohexadiene 2.106 

4-Methyl-2-(4-methylphenyl)-5-phenyloxazole 6.36 
Methyl 3-methylphenyl sulfide 13.24 

Methyl4-rnethylphenyl sulfide 13.25 

4~Methy 1-3-( 4-methylpheny l)sydnone 5.103 

Methyl I-methylpropenyl ether 2.5S 

N-[[ (5-Methyl-2-(methylthio )-3-
thieny1]methylene]cyc1ohexanamine 13.64· 

I-Methylnaphthalene 3.86 

4-Methyl-l,3-naphthalenedipropionic acid 3.89 
4 -Methyl-l- naphthalenepropionnte ion 3.91 

4-Methyl-l-naphthalenepropionate ion endoperoxide 3.91 
4-Methyl-l-naphthalenepropionic acid endoperoxide 3.9~ 

2-Methyl-l,4-naphthoquinone 16.44 

3,3'-(4-Methyl-l,3;.naphthylene)dipropionic acid 3.89 

Methyl2-naphthylketone 3~1 

4-Methyl-2-nitrophenoxide ion 4.17S 

1-( 4-Methyl-2-nitrophenylazo )-2-naphthol 11.101 

4-Methyl-2-(4-nitrophenyl)-5-phenyloxazole 6.37 
2-Methyl-2':'nitrosopropane 15.50 

9-Methyl-6-nitro-2,3,4,9-tetrahydrocarbazole 6.3 

2-Methylnorboma-2,5-diene 2.6 
2-Methylnorborn-2-ene 2.21,2.23 

4-Methyl-4-octene 2.289 

cis-4-Methyl-4-octene 2.290 
(E)-4-Methyl-4-octene 2.290 

trans-4-Methyl-4-octene 2.291 
(Z)-4-Methyl-4-octene 2.291 

Methyl o~eate 2.272 

4-Methyl-l,3-pentadiene 2.300 
2-Methyl-2-pentene 2.307, 2.66.2.86, 2.92, 2.122,2.243, 

2.250,2.256,2.311.2.312,2.343,3.71,4.32.4.102,4.147, 
13.87, 15.1 

3-Methyl-2-pentene 2.308 

cis-3-Methyl-2-pentene 2.310 

cis-4-Methyl-2-pentene 2.312,2.116 

(E)-3-Methyl-2-pentene 2.309 

(E)-4-Methyl-2-pentene 2.311 
trans-3-Methyl-2-pentene . 2.309 

trans-4-Methyl-2-pentene 2.311 

(Z)-3-Methyl-2-pentene 2.310 

(Z)-4-Methyl-2-pentene 2.312,2.116 
2-Methyl-2-penten-4-o1 2.323 

4-Methy 1-3-penten-2-o1 2.323 

(E)-3-Methyl-2-penten-l-01 2.319 
(Z)-3-Methyl-2-penten-l-ol 2.320 

3-Methy 1-2-penty 1-2-cyclopenten-l-one 2.162 

4-Methylphenol 4.135 

lO-Methylphenothiazine 13.123 

N-Methylphenothiazine 13.123 

4-Methylphenoxide ion 4.172 

2-(4-Methylphenoxymethy lidene )adamantane 2.354 

1-(4-Methylphenylazo)-2-naphthol 11.102 

4-(4-Methylphenylazo )-l-naphthol 11.90 
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1-{ 4-Methylphenylazo)-3-(pheny laminocarbony 1)-2-
naphthol 11.80 

1-( 4~Methylphenylazo )-I-(pheny laminocarbony 1)-2-
propanone 11.60 

3-Methyl-l-phenyl-2-butene 3.45 

N-Methyl-4-phenyl-2,3-dihydropyridinium 6.53 

3-(4-Methylphenyl)-1,5-~iphenyl-2-pyrazoline 11.126 
5-( 4-Methy lphenyl )-1 ,3-dipheny 1-2-pyrazoline 11.127 

2-(4-Methylphenyl)furan 5.47 

3-(4-Methylphenyl)furan 5.48 
2-Methyl-6-phenylimidazo[ 1 ,2-a ]pyrazin-3-one 16.41 

1-Methyl-2-phenylindene 3.71 

3-Methyl-2-phenylindene 3.71 
3-Mt:lhyl-2-phenylindole 6.17 

2-Methyl-N-phenylmethylene-2-propanamine N-oxyl 15.46 

4-Methylphenyl phenyl nitrone 15.8 
4-Methylphenyl phenyl sulfide 13.26 

3-( 4-Methylphenyl)-4-pheny Isydnone 5.106 

2-Methyl-1-phenyl-I-propene 3.114 
N-Methyl-4-phenylpyridinium 6.55 

Methyl phenyl sulfide 13.29 
2-Methyl-3-phenylsulfinyl-2-butene 13.53 
3-Methyl-4-phenylsydnone 5.105 

3-(4-Methylphenyl)sydnone 5.104 
N-Methy 1-4-pheny 1-1 ,2,3,6-tetrahydropyridine 8.94 

I-Methy 1-4-(pheny Ithio )benzene 13.26 

4-(4-Methy Ipheny I )thio-1-butanol 13.52 
2-(4-Methylpheny 1 )thioethanol 13.97 
6-(4-Methylphenyl)thio-l-hexanol 13.103 
5-(4-Methylphenyl)thio-l-pentanol 13.118 
3-(4-Methy Ipheny 1 )thio-l-propanol 13.136 
Methyl phosphite 17.73,17.74 

Methyl phytyl ether 2.237 
2-Melhylpiperidine 8.59 

N-Methylpiperidine 8.60 

1-Methy 1-3-piperidinol 8.70 
I-Methyl-4-piperidinol 5.71 

N-Methyl-4-piperidinol 8.71 

2-Methy 1-2-propanearnine 8.15 
2-Methyl-2-propanol 17.62 
2-Methylpropene 2.337 
2-Methylpropenoic acid 2.252 

1, I' -(2-Methy I-l-propeny lidene )bisbenzene 3.46 
(2-Methylpropylidene)tricyclo[3.3.1 ;1 3,7]decane 2.355 

2-Methylpropyl methyl ether 17.18 

1-Methylpropyl propyl sulfide 13.59 

I-Methylpyridinium 6.54 
4-(N-Methylpyridinium)-tert-butylnitrone 15.45 

a-(1-Methyl-4-pyridyl)-tert-butyl nitrone 15.45 

1-Methylpyrrole 6.64 

N-Methylpyrrole 6.64 

Methyl salicylate 4.40 

Methyl salicylate, conjugate base 4.41 

Methylselenobenzene 13.27 
2-(Methy lseleno )-N-pheny lbenzamide 13.2 

Methyl stearate 16.43 

cis-a-Methylstilbene 3.105 

(E)-a-Methylstilbene 3.104 

trans-a-Methylstilbene 3.104 

{Z)-a-Methylstilbene 3.105 

cis-~-Methylstyrene 3.120 
(E)-~-Methylstyrene 3.119 

trans-I3-Methylstyrene 3.119 
(Z)-~-Methylstyrene 3.120 
Melhyl sulfide 13.80, 1;;.81 

Methyl sulfoxide 13.81 

Methy ltellurobenzene 13.28 
9-Methy 1-2,3,4,~-tetrahydrocarbazole 6.2 

3-Methyl-2-[7-(1,3,3,5-tetramethyl-2-indolylidene)-1-
(1 ,3,5-heptatrienyl)benzothiazolium, iodide 11.38 

2-Methy lthiacyclohex-2-ene-l-oxide 13.143 

1-Methyl-3-( 1-thiaethyl)benzene 13.24 

3-Methy 1-4-thiaheptane 13.59 
Methylthiirane 13.152 

p-Methylthioanisole 13.25 
4-Methy lthiobenzamide 13.155 

Methy lthiolato( triethy Iphosphino )gold(I) 12.159 

2-(Methy Ithio )-N-phenylbenzamide 13.3 

N-Methylthiourea 13.176 

3-Methyl-2-[7-(1 ,3,3-trimethyl-2-indol~2-
ylidene )-1 ,3,5-heptatrienyl]benzothiazolium, iodide 
11.37 

m-Methyl-a,~,~-trlmethy lstyrene 3.121 

p-Methyl-a,I3,I3-trimethylstyrene 3.122,3.109, 3.111,3.112, 
3. 117, 3. 118, 3. 123 

5-:Methyluracil 16.79 

Mitomycin C 16.7 

Monohydroperoxides of 4.8-dimethyl-4,8-dodecadiene 
2.203 

Monohydroperoxides of trans-2,6-dimethy 1-2,6-octadiene 
2.278 

Monohydroperoxy-3,7-dimethyl-2,6-octadien-l-ol 2.284 
Monohydroperoxygeraniol 2.284 

Monohydroxyethyl vinyl deuteroporphyrin 7.92 
Morpholine,4-[(phenylmethyl)thio]- 13.112 

4-Morpholineethanesulfonic acid 17.45 

Muscalure 2.349 

Myristic acid 17.67 
NADH dehydrogenase 10.12 

Nagarse 10.32 

Nalidixic acid 16.45 
Nalidixic acid, anion 16.46 
Naphthacene 3.124,3.12, 7.53,8.72,8.77,9.18, 15.46 
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5,12-Naphthacenedione, 8-acetyl-l O[ (3-amino-2,3,6-
trideoxy-hexopyranosyloxy ]-tetrahydro-6,8, 11-
trihydroxy-l-methoxy- 4.79 

5,12-Naphthacenedione, 10-[(3-amino-2,3,6-trideoxy- a-L
lyxo-hexopyranosy 1 )oxy]-7,8,9,1 O-tetrahydro- 6,8,11-
trihydroxy-8-(hydroxyacetyl)-1-methoxy- 4.80 

12-Naphthaceneone, 8-acetyl-I o[ (3-amino-2,3,6-
trideoxyhexopyranosyloxy ]-tetrahydro-6,7 ,11-
trihydroxy-5-imino-I-methoxy- 4.81 

2-Naphthalenamine 9.24 

Naphthalene 3.74 

Naphthalene, 2-acetyl- 3.1 

Naphthalene,2-amino- 9.24 

Naphthalene, 1,5-dihydroxy- 4.82 
Naphthalene, 1,6-dihydroxy- 4.83 

Naphthalene, 1,7-dihydroxy- 4.84 

Naphthalene. 1.8-dihydroxy- 4.85 
Naphthalene, 2,6-dihydroxy- 4.86 

Naphthalene, 2,7-dihydroxy- 4.87 
Naphthalene, 1,2-dimethyl- 3.7S 

Naphthalene, 1,3-dimethyl- 3.76 

Naphthalene, 1,4-dimethyl- 3.77 

Naphthalene, 1,5-dimethyl- 3.75,3.76,3.77,3.78,3.79,3.80, 

3.81,3.82,3.83,3.86 

Naphthalene, 1,6-dimethyl- 3.78 

Naphthalene, 1,7-dimethyl- 3.79 

Naphthalene, 1 ,8-dimethy 1- 3.80 

Naphthalene,2,3-dimethyl- 3.81 

Naphthalene, 2,6-dimethyl- 3.82 

Naphthalene,2,7-dimethyl- 3.83 

Naphthalene, 1, I' -(1 ,2-dimethy 1-1 ,2-dietheny I )bis-, (E)-
3.84 

Naphthalene, 2,2'-(1 ,2-dimethyl-l ,2-diethenyl)bis-, (E)-
3.85 

Naphthalene, 2,2'-( I ,2-dimethyl-1 ,2-diethenyl)bis-, (Z)-

3.84,3.85 

Naphthalene, I-methoxy-4-(phenylazo)- 11.59 

Naphthalene, l-methyl- 3.86 

Naphthalene, 1-(2-methyl-I-propenyl)- 3.87 

Naphthalene, 1,2,3,4,5,6,7,8-octahydro- 2.261, 13.112 

2-Naphthalenecarboxamide,4-[[4-
(aminocarbonyl)phenyl]azo]-3-hydroxy-N-(2-
methoxyphenyl)- 11.79 

2-Naphthalenecarboxamide, 3-hydroxy-4-[ (4-
methylphenyl)azo]-N-phenyl- 11.80 

1,5-Naphthalenediol 4.82 

I,6-Naphthalenediol 4.83 

1,7-Naphthalenediol 4.84 

1,8-Naphthalenediol 4.85 

2,6-Naphthalenediol 4.86 

2,7-Naphthalenediol 4.87 

l,4-Naphthalenedipropionate ion 3.88 

3,3' -( 1 ,4-Naphthalene )dipropionate ion 3.88 

1,3-Naphthalenedipropionic acid, 4-methyl- 3.89 

1,3-Naphthalenedipropionic acid, 4-methyl-, dimethyl cst; 

3.90 

I-Naphthalenepropionate ion, 4-methyl- 3.91 

I-Naphthalenepropionate ion, 4-methyl-, endoperoxidc 
3.92 

I-Naphthalenepropionic acid, 4-methyl-, endoperoxide 
3.93 

2-Naphthalenethione,I,2-dihydro-l,l-dimethyl- 13.1)J 

2-Naphthalenethione,I,2-dihydro-l,I,3-trimethyl- 13.11.j 

1-Naphthalenone, 4-[[2,6-dimethyl-4-
(diethylamino )pheny l]imino ]-2-(2-methoxy-5-
fluorosulfony Iphenyl)aminocarbonyl- 11.81 

I-Naphthalenone, 4-[[4-( diphenylamino )pheny l]imino]-
11.82 

I-Naphthalenone, 4-[(N-methyl-N-phenyl)amino ]imino-
11.83 

1-Naphthalenone, 4-[[ 4-(pheny lamino )pheny l]imino]-
11.84 

Naphthalocyanine, bis( tribenzy lsiloxy )silicon 7.17 
Naphthalocyanine, bis(tri-n-hexyloxysiloxy)silicon 7.) H 

Naphthalocyanine, bis(trihexylsiloxy)silicon 7.18 

Naphthalocyanine, bis(trihexylsiloxy)tin 7.19 

Naphthalocyanine, bis(triisobutylsiloxy)silicon 7.20 

Naphthalocyanine, I,6,10,I5,I9,24,28,33-octabutoxy-, 
palladium(ll) 7.21 

N aphthalocyanine, 2,11 ,20,29-tetrakis( 1, I-dimethy lethy I ) 
7.22 

Naphthalocyanine, 1,10,19 ,28-tetraphenyl-, 
hydroxyaluminum(In) 7.23 

Naphthalocyanine, trihexylsiloxyaluminum 7.24 

Naphthalocyanine, trihexylsiloxygallium 7.25 

Naphtho[ 1,8-bc:5,4-b',c']dipyran 3.94 

I-Naphthol 4.88 
I-Naphthol,5-[[3-(aminosulfonyl)phenyl]sulfonylaminol-

4-[2-(rnethylsulfonyl)-4-nitrophenylazo]-, conjugate 
base 11.85 

I-Naphthol. 5-[[3-(aminosulfonyl)phenyllsulfonylamino J-
4-[2-(methy lsulfony 1 )-4-nitrophenylazo ]-, conjugak 
dibase 11.86 

I-Naphthol,4-(4-chlorophenylazo)- 11.87 
I-Naphthol, 5-methoxy-4-[2-(methylsulfonyl)-4-

nitrophenyl]azo-, conjugate base 11.88 

I-Naphthol,4-(4-methoxyphenylazo)- 11.89 

I-Naphthol,4-(4-methylphenylazo)- 11.90 

I-Naphthol,4-(4-nitrophenylazo)- 11.91 
I-Naphthol,4-phenylazo- 11.92, 11.87, 11.89, 11.90, 11.91 

2-Naphthol 4.89 

2-Naphthol, 1-(4-aminophenylazo)- 11.93 

2-Naphthol, I-(4-bromophenylazo)- 11.94 

2-Naphthol, 1-(4-chlorophenylazo)- 11.95 

2-Naphthol, I-[4-(dimethylamino)phenylazo]- 11.96 

2-Naphthol, 1-(4-flurorophenylal,o)- 11.97 
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2-Naphthol, 1-(4-hydroxyphenylazo)- 11.98 

2-Naphthol, 1-(4-iodophenylazo)- 11.99 

2-Naphthol, 1~(4~methoxyphenylazo)- 11.1OQ 

2-Naphthol, 1-(4-methyl-2-nitrophenylazo)- 11.101 

2-Naphthol, 1~(4~methylphenylazo)- 11.102 

2-N aphthol, 1-(4-methylphenylazo)-3-
(phenylaminocatbonyl)- 11.80 

2-Naphthol, 1-(4-nitrophenylazo)- 11.103 

2-Naphthol, I-phenylazo~ 11.104, 1.1.94, 11.95, 11.96, 11.97, 

11.98, 11.99, 11.100, 11.102, 11.103 

4-Naphthol, 1-(4-methylphenylazo)- 11.90 

4-N aphthol; I-phenylazo- 11~91 

a-Naphthol 4.88 
(3-Naphthol 4.89 

Naphtho[l ,2,3,4-rst]pentaphene~5,8-dione, 3,1 O-dimethy 1-
3.95 

1 ,4-N aphthoquinone, 5 .. hydroxy- 4.90 

1,4-Naphthoquinone, 6-hydroxy- 4.91 

l,4-Naphthoquinone, 2-methyl- 16.44 
1 ,4-Nnphthoquinone N-methyl-N-phenylhydrazone 11.83 

Naphtho[1,2-d]thiazolilim, l-ethyl-2-[(1-ethylnaphtho[1,2-
d]thiazol-2-ylidene)methyl]-,chloride 11.105 

N aphtho[ 1 ,2-dlthiazolium, l-ethy 1-2-[( l-ethy lnaphtho[ 1 ,2-
d]thiazol-2-ylidene)methyl]-I-butenyl-, bromide 
11.106 

Naphtho[ 1 ,2-d]tbiazolium, I-ethyl-2-[ (l-ethy Inaphtho[ 1,2-
d]thiazol-2-ylidene)-1-propenyl]-, toluenesulfonate 
11.107 

Naphtho[2,3-d]thiazolium, 2-[2-[2-( diphenylamino)- 3-[3-
(4-methoxy-4-oxobuty 1 )naphtho[2,3-d]thiazol- 2-
ylidene]ethylidene] l-cyclopenten-l-yl]ethenyl]- 3-
(4-methoxy-4-oxobutyl)-, perchlorate 11.108 

2-Naphthylamine 9.24 

2,2'-[1,8-Naphthylenebis(nitrilomethylidyne)]
bis[phenolato ] nickel (ll) 12.160 

1,8-Naphthyridine-3-carboxYlic acid, 1,4-dihydro-l-ethyl-
7-methyl-4-oxo- 16.45 

1,8-Naphthyridine-3;.carboxy Iic acid, ·1 ,4.;dihydro-l-ethyl-
7-methyl-4-oxo-, anion 16.46 

Naringenin 4.72 

Neoalloocimene 2.285 
Neurosporene 2.70 

• (all-E)-Neurosporene 2.70 

(all-trans)-Neurosporene 2.70 

Nickel(1), bis( 1 ,2-diphenyl-l ,2-ethanedithionato )-, tetrabu
tylammonium salt 12.65 

Nickel(ll), bis[3-( cyc10hexy limino )methy 1]-5-ethy 1-2-
thiophenethionato]- 12.21 

Nickel(ll), bis[1 ,2-di(2-bromophenyl)-1 ,2-
ethenedithiolato]..:· ·12.25 

Nickel(ll), bis(1,2-di(2-chlorophenyl)-1 ,2-
ethenedithiolato]-. 12.33 

Nickel(ll),. bis[1 ,2-di(4-chlorophenyl)-1 ,2-
ethenedithiolato]- 12.34 

Nickel(ll); bis[ 1 ,2-di( 4-ethylphenyl)-1 ,2-ethenedithiolato]-
12.42 

Nickel(ll), 3,4-dimercaptotoluene(2,2' -bipyridine) 12.153 

Nickel(ll), 3,4-dimercaptotoluene( 1,1 O-phenanthroline) 
12.154 

Nickel(ll) acetate 12.161 

Nickel(ll) ammine[2,2' -thiobis(4-tert-octyl)phenolate] 12.2 

Nickel(ll) aniline[2,2' -thiobis(4-tert-octyl)phenolate] 12.3 

Nickel(ll) aquo[2,2' ~thiobis(3,4-dimethyl)phenolate] 12.4 

Nickel(ll) aquo[2,2' -tbiobis(4-tert-octyl)phenolate] 12.5 

Nickelate( 1-), bis[ 1 ,2-di( 4-trifluoromethy Ipheny 1)-1,2-
ethanedithionato]-, tetrabutylammonium salt 12.75 

Nickel(ll) bis(acetylacetonate) 12.10 

Nickel(ll) bis(acetylacetonate) dihydrate 12.11 

Nickel(ll) bis[2-CN-(p-anilinophenyl)formimidoyl)phenol] 
12.106 

Nickel(ll) bis[ 1 ,3~bis(2-pyridylimino )isoindoline] 12.45 
Nickel(ll) bis(5-bromosalicylaldehyde)"2H20 12.14 

Nickel(ll) bis[ O-butyl-3,5-di-tert-butyl-4-
hydroxybenzylphosphonate] 12.16 

Nickel(ll) bis[2-(N-butylformimdoyl)-4-bromophenol] 
12.17 

Nickel(ll) bis[2-(N,-butylformimidoyl)-4-methoxyphenol] 
12.18 

Nickel(ll) bis[2-(N-buty Iformimidoy l)phenol] 12.19 

Nickel(ll) bis[2-(N-sec-butylformimidoyl)phenol] 12.105 

Nickel(ll) bis[2-(N-tert-butylformimidoyl)phenol] 12.57 

Nickel(ll) bisfp-tert-butylphenylsalicylate] 12.58 

Nickel(ll) bis[2-(N-cyclohexylformimidoyl)phenol] 12.24 

Nickel(ll) bis(dibutyldithiocarbamate) 12.28 

Nickel(ll) bis[0,0'-di(4.,.tert-butylphenyl)dithiophosphate] 
12.32 

Nickel(ll) bis( dicyclohexyldithiophosphinate) 12.35 

Nickel(ll) bis[1,2-di(2,4-dichlorophenyl)-1,2-
ethenedithiolatol- 12.37 

Nickel(ll) bis[1 ,2-di(3,4-dichlorophenyl)-1 ,2-
ethenedithiolato]- 12.38 

Nickel(TI) his[1.2-di(dimethylaminophenyl)-1.2-
ethenedithiolato]- 12.39 

Nickel(ll) bis( diethyldithiocarbamate) 12.40 

Nickel(TI) bis(O,O'-diethyldithiophosphate) 12.44 
Nickel(ll) bis( O,O'-diethylphosphorodithiolato)- 12.44 

Nickel(ll) bis( diisopropyldithiocarbamate) 12.50 

Nickel(ll) bis[diisopropyldithiophosphate] 12.52 

Nickel(ll) bis( 0,0' -diisopropyldithiophosphate) 12.52 

Nickel(ll) bis( 0,0' -diisopropylphosphorodithiolato)- 12.52 

Nickel(ll) bis[3,5-diisopropylsalicylate] 12.60 

Nickel(I) bis(1,2-di( 4-methoxyphenyl)-1,2-
ethanedithionato]-, tetrabutylammonium salt 12.53 

Nickel(ll) bis[ 1 ,2-di( 4-methoxyphenyl)-1 ,2-
ethenedithiolato]- 12.54 

Nickel(ll) bis( dimethyldithiocarbamate) 12.56 

Nickel(ll) bis( 1 ,2-dimethyl-l ,2-ethenedithiolato)- 12.15 
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Nickel(ll) bis[0,O'-di(4-methylphenyl)dithiophosphate] 
12.63 

Nickel(ll) bis(diphenyldithiocarbamate) '12.64 

Nickel(ll) bis( 0,0' -diphenyldithiophosphate) 12.71 

Nickel(II) bis[ 1 ,2-dipheny 1-1 ,2-ethenedithiolato]- 12.66 

Nickel(ll) bis(O,O'-diphenyl phosphorodithioato)- 12.71 

Nickelell) bis[dithioacetylacetonate] 12.74 
Nickel(II) bis(dithiobenziI) 12.66 

Nickel(II) bis[dithiobiacetyl] 12.15 

Nickel(ll) bis(dithiohexafluorobiacetyl) 12.85 
Nickel(I) bis[1,2-di(4-trifluoromethylphenyl)-1,2-

ethenedithiolato]-, tetrabutylammonium salt 12.75 

Nickel(II) bis[ 1 ,2-di( 4-trifluoromethylphenyl)-1 ,2-
ethenedithiolato]- 12.76 

Nickel(I) bisf 1 ,2-di(3,4,5-trimethoxyphenyl)-1 ,2-
ethanedithionato]-, tetrabutylammonium salt 12.77 

Nickel(I1) bis[ 1 ,2-di(3,4,5-trimethoxypheny 1)-1,2-
ethenedithiolato]- 12.79 

Nickel(Il) bis[2-(N-dodecylformimidoyl)phenoIJ 12.82 
Nickel(II) bis[ O-ethyl-3,5-di-tert-butyI-4-

hydroxybenzylphosphonate] 12.83 

Nickel(U) bis[2-(formimidoyl)phenol] 12.96 
Nickel(II) bis[hydrotris(l-pyrazoly l)borate] 12.86 

Nickel(II) bis(2'-hydroxyacetophenone oxime) 12.87 

Nickel(II) bis[2'-hydroxy-4'-methylacetophenone oxime] 
12.93 

Nickel(II) bis[2-hydroxy-5-methylbenzophenone] 12.94 

Nickel(II) bis[2' -hydroxy-4' -methyldodecanophenone 
oxime] 12.95 

Nickel(II) bis[4-imino-2-pentene-2-ol] 12.97 

Nickel(II) bis[2-(N-isopropylformimidoyl)phenolJ 12.101 
Nickel(II) bis[isopropylxanthate J 12.98 

Nickel bis(mesitylenesulfonate) 12.118 

Nickel(II) bis( 5-methoxysalicy laldehyde)· 2H, 0 12.92 

Nickel(II) bis( I-methylamino-2-
methyliminocyc1oheptatriene) 12.102 

Nickel(II) bis[O-(1-methylethyl) carbonodithionato]- 12.98 

Nickel(ll) bis[ 1-( 4'-methylphenyl)amino-2-( 4'-
methylpheny1)iminocyc1oheptatriene] 12.104 

Nickel(II) bis(4-methylphenyldithiocarbamate) 12.103 

Nickel(II) bis[2-N -phenylaminofonnimidoy Iphenol] 12.90 

Nickel(TI) bis(phenyldithiocarbamate) 12.107 

NickelCTI) his[2-CN-pbeny1formimidoy1)pbeno1J 12.110 

Nickel(II) bis(salicy laldehyde) dihydrate 12.88 

Nickel(II) bis(salycilaldehyde oxime) 12.89 
Nickel(II) bis[2,2' -thiobis[ O,O'-di(4-tert-

butylphenyl)dithiophosphate]] 12.114 

Nickel(II) bis[2,2' -thiobis( 4- tert-octyl)phenolate] 12.116 

Nickel(II) bis[fJ-toluene-3,4-dithiolato] tetrabutylammonium 
salt 12.100 

Nickel(I) bis[3,4,6-trichloro-l ,2-benzenedithiolato ]-, tetra
butyl ammonium salt 12.117 

Nickel(II) butylarnine[2,2'-thiobis(3,4-dimethyl)phenol;I'1 
12.120 

Nickel(II) butylamine[2,2' -thiobis(4-tert-octyl)phenol:H": 
12.122 

Nickel chloride 12.162 

Nickel chloride hexahydrate 12.163 

Nickel(Il) cyc1ohexyamine[2,2' -thiobis(3,4,;. 
dimcthy 1 )phcllolatc] 12.130 

Nickel(II) cyclohexylamine[2,2' -thiobis( 4- tert-
octy I)phenolate] 12.131 

Nickel(II) deuteroporphyrjJl 7.95 

Nickel(II) deuteroporphyrin bis(piperidine) 7.96 

Nickel(II) dibutyldithiocarbamate 12.28 

Nickel(II) dichloride 12.162 

Nickel(II) dichloride hexahydrate 12.163 

Nickel(II) didodecylamine[2,2' -thiobis(3,4-
dime thy l)phenolate] 12.132 

Nickel dimethyldithiocarbamate 12.56 

Nickel(II) dodecylamine[2,2'-thiobis(3,4-
dimethy 1 )phenolate] 12.134 

Nickel(II) dodecylarnine[2,2' -thiobis(4-tert
octyl)phenolate] 12.135 

Nickel(ll) ethyl amine [2,2' -thiobis(3,4-dimethyl)phenolatr I 
12.141 

Nickel(II) ethylamine(2,2'-thiobis( 4-tert-octyl)phenolate l 
12.142 

Nickel(II) 2,2'-[ethylenebis(nitrilodecylidyne)]di-p-cresol 
12.136 

N ickel(D) 2,2'-[ethylenebis(nitriloethy lidyne) ]diphenol 
12.137 ' 

Nickel(D) 2,2'-[ethy lenebis( nitrilomethy lidyne) ]diphenol 
12.140 

Nickel(I) ion 12.164 

Nickel(II) mesoporphyrin 7.87 
Nickel(II) 2,2'-methylenebis[O,O'-di(4-tert

butylpheny 1 )dithiophosphate] 12.158 

Nickel(lI) 2,2'-[1,8-
naphthy lenebis( nitrilomethy lidyne) ]diphenol 12.160 

Nickelocene 12.165 

Nickelous acetate 12.161 

Nickel(lI) 2,2'-[0-
phenylenebis(nitrilomethylidyne)]diphenol 12.166 

Nickel (II) propyl amine [2,2' -thiobis( 4- tert -octy I )phenolate 1 
12.168 

Nickel(II) protoporphyrin 7.80 

Nickel(II) protoporphyrin, dimethyl ester 7.79 
Nickel(II) tetraphenylporphyrin 7.67 

Nickel(II) 5,IO,15,20-tetraphenylporphyrin 7.67 

Nickel(II) triethanolarnine[2,21 -thiobis( 4-tert-
octyI)phenolate] 12.171 

Nicotinamide adenine dinucleotide 16.47 

Nicotinamide adenine dinucleotide, reduced 16.48 

Nicotinamide adenine dinucleotide phosphate 16.49 
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Nicotinamide-adenine dinucleotide phosphate, reduced 
16.50 

Nicotinamide hypoxanthine dinucleotide, reduced 16.42 
Nicotinamide mononucleotide, reduced 16.51 

Nicotinamide ribose monophosphate,reduced 16.51 

Nicotine 8.93 
Nitrite ion 14.11 
2-Nitroanisole 3.44 
4-Nitroazobenzene 11.61 
Nitrobenzene 3.47 
nitrone 3 15.25 
2-Nitrophenol 4.137 
3-Nitrophenol 4.138 
4-Nitrophenol 4.139 

2-Nitrophenoxide ion 4.176 

3-Nitrophenoxide ion 4.177 
4-Nitrophenoxide ion 4.178 

1-(4-Nitrophenylazo)-2-naphthol 11.103 
4-( 4-Nitrophenylazo )-l-naphthol 11.91 
4-(p-Nitrophenylazo )-I-naphthol 11.91 
7-Nitro-2-phenyl-1,2-benzisoselenazol-3-one 13.39 
2-(4-Nitrophenyl)furan 5.49 
4-Nitrophenyl phenyl sulfide 13.31 
I-Nitro-4-(phenylthio )benzene 13.31 
4-Nitroso-N,N-dimethylaniline 9.7 
4-Nitrothiobenzamide 13.156 
Nitroxide, bis[4-(1,1-dimethylethyl)phenyl]- 15.26 
Nitroxide, bis[4-(1-methyl-1-phenylethyl)pheny 1]- 15.27 
2,4,6,S';Nonatetraenoic acid, 9-(4-methoxy-2,3,6-

trimethylphenyl)-3,7-dimethyl-, ethyl ester, (all-£)-
2.262 

1-Nonene 2.263 
Nopadiene 2.25 
Noradrenaline 4.6 

Norbixin 2.179 

trans-Norbixin 2.174 

Norbomadiene 2.4 
-Norepinephrine -4.6 

1,6,10,15,19,24,2S,33-
Octabutoxynaphthalocyaninatopalladium(D) 7.21 

1,4,8,11,15,lS,22,25-0ctabutoxyphthalocyanine 7.42 
Octa(3,6-butoxy)phthalocyanine 7.42 

9,12-0ctadecadienoic acid, methyl ester 2.265,4.46,4.50, 
4.53 

9,12-0ctadecadienoic acid, phenyl ester 2.266 
(Z,2)-9,12-0ctadecadienoic acid 2.264 

Octadecanoic acid 17.66 
6,9,12,15-0ctadecatetraenoic acid, methyl ester 2.213 
9,12,15-0ctadecatrienoic acid, ethyl ester (all-Z)- 2.268 

9,12,15-0ctadecatrienoic acid, methyl ester 2.269 
9-0ctadecenoic acid 2.271 
9-0ctadecenoic acid, methyl ester 2.272 

9-0ctadecenoic acid, phenyl ester 2.273 

Octadecyl 3-(3',5'-di-tert-butyl-4'-
hydroxyphenyl)propionate4.33 

2,5-0ctadiene,7-hydroperoxy-2,7-dimethyl- 2.274 
2,6-0ctadiene, 2,6-dimethyl-, (E) 2.275 

2,6-0ctadiene, 2,6-dimethyl-, (Z) 2.276 
2,6-0ctadiene,2,7-dimethyl- 2.277 
2,6-0ctadiene, hydroperoxy-2,6-dimethyl- 2.278 

2,7-0ctadiene,6-hydroperoxy-2,7-dimethyl- 2.279 
1,6-0ctadien-3-o1,3,7-dimethyl- 2.280,2.338, 13.53, 13.54, 

13.55, 13.143, 13.144 

2,6-0ctadien-l-01, 3,7-dimethyl-, (E) 2.281 

2,7-0ctadien-l-ol, 3,7-dimethyl-, (E)-2.282 

2,7-0ctadlen-l,..ol, 3,7-dimethyl-, (2)-2.283 

2,7-0ctadien-l-ol,6-hydroperoxy-3,7-dimethyl- 2.284 

Octaethyldihydropurpurin ethyl ester 7.28 
2,3,IO,II,16,17,24,25-0ctaethyl-5,6,7,8,19,20,21,22-

octadehydro[26]porphyrin-:-(2.4.2.4) 7.100 

2,3,7 ,S, 12,13, 17, lS-0ctaethyl-5-porphinepropenoic acid 
ethyl ester 7.97 

Octaethyl[22]porphyrin-(2.2.2.2) (di-trans) 7.98 

Octaethylpurpurin ethyl ester 7.30 
1 ,2,5,6,6a,6b;6c ,6d-Octahydro~ 1 ,6-0-

benzenobenzo[ 1 ,3]cyclopropa[ 1 ,2,3-
cd]cyclopropa[gh]pentalene 2.181 

1,2,5 ,6,6a,6b,6c ,6d-Octahydro-9, 12-dimethoxy-1 ,6-0-
benzenobenzo[ 1,3 ]cyclopropa[ 1,2,3-
-cd]cyclopropa[gh]pentalene 2.180 

1,2,3,4,11,12,13,14-0ctahydrodinaphtho[2,3-a:2',3'
j]pery lene-9, 19-dione 3.62 

-1,2,5,6,6a,6b,6c,6d-Octahydro-l,6[I',2']-4-methyl-3,5-
dioxo-l ,2,4-triazolobenzo[1 ,3]cyclopropa[1 ,2,3-
cd]cycl?propa[gh]pentalene 17.69 

1 ,2,5,6,6a,6b,6c ,6d-Octahydro-l,6[ 1',2']-4-methy 1-3,5-
dioxo-l.2,4-triazolof 1 ,31cyc1opropa[ 1 ,2,3-
cd]cyclopropa[gh ]pentalene 17.70 

Octahydropyridazino[ 1 ,2-a ]pyridazine 8.92 
Octalin 2.261~ 13.112 

.19,1O-Octalin 2.261, 13.112 

(all-E)-3,7,11,15,20,24,28,32-0ctamethyl- 1,34-bis(2,6,6-
trimethyl-1-cyclohexen-l-yl)-
1,3,5,7,9,11,13,15,17,19,21,23,25,27,29,31,33-
tritriacontaheptadecaene 2.358 

1,1',3,3,3',3',5,5' -Octamethyltricarbocyanine, iodide 
11.184 

Octanoate ion, 6,8-dimercapto- 13.115 
2,4,6-0ctatriene, 2,6-dimethyl- 2.285 
3-0ctene, 5-hydroperoxy -4-methy 1- 2.286 
4-0ctene, (E)- 2.287 

4-0ctene, .(Z)- 2.288 

4-0ctene,4,;.methyl- 2.289 
4-0ctene, 4-methyl-, (E)- 2.290 

4-0ctene, 4-methyl-, (Z)- -2.291 

_I Dh"C! rharn Qaf n~t~ \lnl ?4 Nn ? 1 QQ~ 
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cis-4-0ctene 2.288 

(E)-4-0ctene 2.287 

trans-4-0ctene 2.287 

(Z)-4-0ctene 2.288 

2-0cten-l-ol, 3,7-dimethyl-, (E)- 2.292 
2-0cten-l~ol, 3,7-dimethyl-, (2)- 2.293 

6-0cten-l-ol, ~,7-dimethyl- 2.294 

Oleic acid 2.271 

Oinmochrome 16.52 
~ 1,6_0xabicyclo[ 4.4 .O]decen-3-one 2.92 

7 -Oxabicyclo[2.2.1 ]heptane, 2,3-bis( methy lene)- 2.295 

7-0xabicyc1o[2.2.1]heptane,2,3,5,6-tetrakis(methylene)-
2.296 

7 -Oxabicyclo[2.2.1 ]hept-2-ene, 5,6-bis(methylene)- 2.297 

Oxadisilirane,2,2,3,3-tetrakis(2,6-diethylphenyl)- 17.46 

Oxadisilirane, 2,2,3,3-tetrakis(2,6.;.diisopropy lpheny 1)-
17.47 

Oxalate ion 17.48 

1-0xa-4-thiacyclohexane 13.177 

1,4-0xathiane 13.177 

2,2'-Oxatricarbocyanine, 3,3'-diethyl-, iodide 11.109 
exo, exo-2,3-(21-0xatrimethy lene )-7-

adamantylidenenorbornane 2.12 

Oxazole, 2,5-diphenyl- 6.31 

Oxazole,2,5-diphenyl-4-methyl- 6.32 

Oxazole,4-methyl-2-(3-chlorophenyl)-5-phenyl- 6.33 

Oxazole, 4-methy 1-2-( 4-chloropheny 1)-5-pheny 1- 6.34 

Oxazole, 4-methy 1-2-(4-methoxypheny 1 )-5-pheny 1- 6.35 

Oxazole,4-methyl-2-(4-methylphenyl)-5-phenyl- 6.36 

Oxazole,4-methyl-2-(4-nitrophenyl)-5-phenyl- 6.37 

Oxirane, 2,3-diphenyl~, (E)- 17.49 
).l-Oxobis[5,IO,15,20-tetraphenylporphinatoiron(II)] 7.69 

5'-Oxo-3',4'-diethyl-5-methyl-1 ',5'-dihydro-(2.2')-
dipyrromethene 7.101 

5'-Oxo-3'-ethyl-5,4'-dimethyl-l',5' -dihydro-(2,2')
dipyrromethene 7.107 

5' -Oxo-4-ethyl-3,5-dimethyl-I',5' -dihydro-(2.2')
dipyrromethene 7.108 

5' -Oxo-4-ethyl-3' -ethenyl-3,5,4' -trimethyl-l ',5'
dihydro-(2.2 ')-dipyrromethene 7.106 

5' -Oxo-3' -ethyl-4',3,5-trimethyl-l ',5' -dihydro-(2.2')-
dipyrromethene 7.103 

a-Oxoglutaric acid 17.51 

Oxolane 17.68 

2-0xo-3-phenylpropionic acid 17.60 

4-0xo-2,2,6,6-tetramethylpiperidinooxy free radical 15.44 

5' -Oxo-3',4',4-triethyl-3,5-dimethyl-1 ',5'-dihydro-(2.2')-
dipyrromethene 7.102 

5'-Oxo-4',4,5-trimethyl-3'-ethyl-l',5' -dihydro-(2.2')
dipyrromethene 7.104 

5' -Oxo-4'-vinyl-4-ethyl-3',3,5-trimethyl-I ',5'
dihydro-(2.2 ')-dipyrromethene ".105 

Oxygen 14.12 

Oxygen-I8 14.13 

Oxygen, lowest excited singlet state 17.64 

Pal1adium(II) bis[2' -hydroxy-4' -ter!-
butyloctadecanophenone oxime] 12.91 

Palmitic acid 17.37 

Pantetheine-adenosine triphosphate 16.17 
Para Red 11.103 

P-422 (8 conjugated bonds) 2.298 

P-4~H (9 conjugated hond~) 2.299 

PDS 8.79 

Penicillamine 13.116 

Pentacene 3.96 

Pentachlorophenol 4.140 

Pentachlorophenoxide ion 4.179 

1,3-Pentadiene,4-methyl- 2.300 

1,3-Pentadiene, I-phenyl-, (E,£)- 2.301 

(£)-1,3-Pentadiene 2.328 

(Z)-1,3-Pentadiene 2.329 

Pentadi en y Ii urn, I, 1,5 ,5-tetrakis [4-( diethy lamina )pheny 1]-
11.110 

Pentamethoxybenzene 3.48 

N,N,2,4,6-Pentamethylaniline 9.15 

1,3,3,7,7-Pentamethy Jbicyc1o[2.2.1 Jheptane-2-thjone 13.

Pentamethylene sulfide 13.145 

1,2,2,6,6-Pentamethylpiperidine 8.61 

1,2,2,6,6-Pentamethylpiperidin-4-o1 8.72 
Pentanamide, 2-[[ (4-diethylamino )-2-methylphenyl]imino 

4,4-dimethyl-3-oxo-N-phenyl- 11.111 

Pentanamide,2-[[(4-diethylamino)phenyl]imino]-4A
dimethyl-3-oxo-N-phenyl- 11.112 

Pentane 17.50 

Pentane, 3-(methox ymethy lene )-2,2,4,4-tetramethy 1- 2.3t 
2.355 

n-Pentane 17.50 

Pentanedioic acid, 2-oxo- 17.51 

2,4-Pentanedione iron(ll) derivative 12.174 

2,4-Pentanedione nickel(JI) derivative 12.10 

3-Pentanethione,2,2,4,4-tetramethyl- 13.117 

Pentanoic acid 17.79 

I-Pentanol,5-(4-methylphenyl)thio- 13.118 

3-Pentanol,3,4-dimethyl-1-[(4-methyIphenyl)thioJ- 13.1 

I-Pentene 2.302 

I-Pentene, 2,3,4-trimethyl- 2.303 

2-Pentene, (E)- 2.304 

2-Pentene, (Z)- 2.305 

2-Pentene,2,4-dimethyl- 2.306 

2-Pentene,2-methyl- 2.307,2.66,2.86,2.92,2.122,2.243, 

2.250,2.256,2.311,2.312,2.343,3.71,4.32,4.102,4.147, 

13.87, 15.1 

2-Pentene, 3-methyl- 2.308 
2-Pentene, 3-methyl-, (E)- 2.309 
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2-Pentene,3-methyl-, (2)- 2.310 

2-P-entene,4-methyh (E)- 2.:311 
2-Pentene, 4-methyl-, (2)- 2.312,2.116 

2-Pentene,2,3,4-trimethyl- 2.313 

2-Pentene,2,4,4-trimethyl- 2.314 

cis-2-Pentene 2.305 

(E)-2-Pentene 2.304 

trans-2-Pcntcne. 2.304 

(Z) .. 2-Pentene 2.305 

4-Pentenoic acid 2.315 

2-Penten-l-ol, 3,4-dimethyl-, (E)- 2.316 
2-Penten-l-ol, 3,4.;dimethyl-, (Z)- 2.317 

2-Penten-I-ol, 3-ethyl- 2.318 

2-Penten-l-ol, 3-methyl-, (E)- 2.319 

2-Penten-l-ol, 3-methyl-, (2)- 2.320 

2-Penten-l-ol, 3,4,4-trimethyl-, (E)- 2.321 
2-Penten-l-ol, 3,4,4.;trimethyl-, (2)- 2.322 

2-Penten-4-o1, 2-methyl- 2.323 

3-Penten-2-ol,4-methyl- 2.323 
3-Penten-2-one,3,4-dimethyI- 2.324 

Perinaphthenone 3.97 

Permanax 45 6.72 

Perspex 17.57 

3, IO-PeryJenedione, 4,9-dihydroxy-l, 12-bis(2-
hydroxypropyl)-2,6,7,11-tetramethoxy- 16.53 

Perylo[ 1 ,12~dej]-1 ,3-dioxepin-5, ll-dione, 6-amino-I2-
hydroxy-8,9-bis(2-hydroxypropyl)-7, 10-dimethoxy-
16.54 

Perylo[I,I2-dej]-1,3-dioxepin-5,II-dione,6,12-dihydroxy-
8,9-his(2-hydroxypropyl)-7,IO-dimethoxy- 16.55 

Perylo[1,12-dej]-I,3-dioxepin-5,12-dione,6,II-diamino-
8,9-bis(2-hydroxypropyl)-7,I~dimethoxy- 16.56 

PeryIo[1, 12-dej]-1,3-dioxepin.,.6, II-dione, 8,9-his(2-
hydroxypropyI)-5,7,10,12-tetramethoxy- 16.57 

Perylo[1;12-dej]-1,3-dioxepin-6,11-dione,5-hydroxy-8,9-
bis{2-hydroxypropyl)-7, 10, 12-trimethoxy- 16.58 

Phenalenone 3.97 

Phenalen-I-one 3.97 

I-Phenanthrenecarboxylic acid, 1 ,2,3,4,4a,4h,5,6,1 0, 1 Oa
decahydro-l,4a-dimethyl-7-(l-methylethyl)-, [lR
(la,4ap,4J3a,lOa(l)]- 2.325 

Phenanthro[ 1,10,9 ,8-opqra ]pery lene-7, 14-dione, 
1,3,4,6,8, 13-hexahydroxy -10, ll-dialky 1- 16.59 

Phenanthro[ 1,1 0,9,8-opqra ]perylene-7 , 14-dione, 
1,3,4,6,8,13-hexahydroxy-lO,II-dimethyl- 16.60 

Phenethy lamine 8.48 
(l-Phenethy}furfuryJ alcohol 5.71 

Phenol 4.92 

Phenol,4-acetyl- 4.93 

Phenol,4-acetyl-2,6-bis(1,1-dimethylethyl)- 4.94 

Phenol, 2-acetyl-5-dodecyloxy- 4.42 

Phenol, 4-amino- 4.95 

Phenol, 2-(benzotriazol-2-yl)-4,6-his(1,I-dimetbylpropyl)-
4.96 

Phenol,2-(benzotriazol-2-yl)-6-chloro-4-(l,1-
dimethylethyl)- 4.97 

Phenol,2-benzyl- 4.98 

Phenol,2,6-his(l,1-dimethyIethyI)- 4.99,2.280 

Phenol, 2,4-bis( 1, I-dirnethylethyl):"5.,methoxy- 4.100 

Phenol, 3,5-bis( 1, I-dimethylethyl)-4-methoxy- 4.101 

Phenol, 2,6-his(1, I-dimethylethyl)-4-methyl- 4.102, 4.99, 
4.116,4.117,4.118,4.147 

Phenol, 2,6-his(1, I-dirnethylethyl)-4:"pheny 1- 4.103 

Phenol, 2,6-his( 1, I-dimethy lethy 1)-4-(pbenyimetbyl)-
4.104 

Phenol, 4-bromo-2,6-his( 1, I-dimetbylethyl)- 4.105 

Phenol, 2-tert-buty 1- 4.120 

Phenol,4-tert-hutyl- 4.121 

Phenol, 2-chloro- 4.106 

Phenol,3-chloro- 4.107 

Phenol,4-chloro- 4.108 
Phenol, 2-(5-chlorobenzotriazol-2-yl)-4,6-bis( 1,1-

dirnethylethyl)- 4.109 
Phenol,4-chloro-2,6-di(I,I-dimethylethyl)- 4.110 

Phenol, 2-chloro-4-hydroxy- 4.20 

Phenol, 4-chloro-3-hydroxy- 4.11 

Phenol, 3-chloro-5-methoxy- 4.111 

Phenol,4-cyano- 4.112 

Phenol,2,4-dichloro- 4.113 

Phenol,2,6-dichloro- 4.114 

Phenol, 2,6-dimethoxy- 4.115 

Phenol, 2,6-dimethoxy-, ion(1-) 4.161 

Phenol,2,4-dimethyl- 4.116 
Phenol,2,6-dimethyl- 4.117 

Phenol,3,4-dimethyl- 4.118 

Phenol, 4-( 1, I-dime thy lethoxy)-2,6-his( I , I-dimethy lethy 1)-
4.119 

Phenol,3-(l,1-dimethylethyl)-4-methoxy- 4.122 

Phenol, 2,4-dinitro- 4.123 

Phenol, 2,5-dinitro- 4.124 

Phenol, 2,6-dinitro- 4.125 

Phenol, 4-ethoxy-2,3,5,6-tetramethyI- 4.126 
Phenol,4-(1-hydroxy-2,2-dimethyl)propyl-2-methoxy-

4.127 

Phenol, 2-(2-hydroxyphenyI)- 4.128 

Phenol, 2-methoxy- 4.129 

Phenol,3-methoxy- 4.130 

Phenol. 4-methoxy- 4.131 
Phenol,4-methoxy-2,6-dimethyl- 4.132 

Phenol,4-methoxy-2,3,5,6-tetramethyl- 4.133 

Phenol,4-methoxy-2,3,6-trimethyl- 4.134 

Phenol, 4-methyl- 4.135 

Phenol, 2,2' -methy]enebis(6-tert-butyl-4-methyl- 4.136 

Phenol, 4-(methylthio)- 13.120 
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Phenol, 2-nitro- 4.137 

Phenol, 3-nitro- 4.138 

Phenol, 4-nitro- 4.139 

Phenol, pentachloro- 4.140 

Phenol,2-phenyl- 4.141 

Phenol,3-(phenylamino)- 4.142 

Phenol, 2-[(phenylimino)methyl]-, N-oxide 15.7 

Phenol, 2,3,5,6-tetrafluoro- .4.143 

Phenol, 4-(I,I,3,3-tetramethylbutyl)-, salicylate 4.144 

Phenol, 2,2' -thiobis[ 4-(1,1 ,3,3-tetramethylbutyl)- 4.145 

Phenol, 2,4,6-tri-tert-butyl- 4.147 
Phenol, 2,4,6-trichloro- 4.146 

Phenol,2,4,6-trimethyl- 4.148 

Phenol,2,4,6-triphenyl- 4.149 

Phenolate ion 4.150 
Phenothiazine 13.121 

Phenothiazine, 2-chloro-1 O-dimethy laminopropy 1- 13.122 

Phenothiazine, 10-methyl- 13.123 
Phenothiazine, 10-( 12-sulfonatododecy 1)- 13.124 

Phenothiazine-IO-propanamine, 2-chloro-N ,N-dimethyI-
13.122 

Phenothiazinium,3,7-his(dimethylamino)- 11.113 

Phenothiazinium,3,7-diamino- 11.114 

12-( 1 0' -Phenothiaziny 1 )dodecy I-I-sulfonate ion 13.124 
Phenoxazine 6.38 

Phenoxide ion 4.150 

Phenoxide ion, 4-acetyl- 4.151 

Phenoxide ion, 2-benzyl- 4.152 

Phenoxide ion, 4-bromo- 4.153 

Phenoxide ion, 4-bromo-2,6-dimethyl- 4.154 

Phenoxide ion, 2-chlofo- 4.155 

Phenoxide ion, 3-chloro- 4.156 

Phenoxide ion, 4-chloro- 4.157 

Phenoxide ion, 4-cyano- 4.158 

Phenoxide ion, 2,4-dichloro- 4.159 

Phenoxide ion, 2,6-dichloro- 4.160 

Phenoxide ion, 2,6-dimethoxy- 4.161 

Phenoxide ion, 2,6-dimethyl- 4.162 
Phenoxide ion, 4-(1,1-dimethylethyl)- 4.163 

Phenoxide ion, 2,4-dinitro- 4.164 

Phenoxide ion, 4-ftuoro- 4.165 
Phenoxide ion, 4-hydroxy-, conjugate base 4.13 

Phenoxide ion, 2-(2-hydroxyphenyl)- 4.166 

Phenoxide ion, 5-hydroxy-2-phenyl- 4.167 
Phenoxide ion, 4-iodo- 4.168 

Phenoxide ion, 2-methoxy- 4.169 

Phenoxide ion, 3-methoxy- 4.170 
Phenoxide ion, 4-methoxy- 4.171 

Phenoxide ion, 4-methyl- 4.172 

Phenoxide ion, 2-methyl-4,6-dinitro- 4.173 

Phenoxide ion, 4-methyl-2,6-dinitro- 4.174 

Phenoxide ion, 4-methyl-2-nitro- 4.175 

Phenoxide ion, 2-nitro- 4.176 

Phenoxide ion, 3-nitro- 4.177 

Phenoxide ion, 4-nitro- 4.178 

Phenoxide ion, pentachloro- 4 .. 179 

Phenoxide ion, 2-phenyl- 4.180 

Phenoxide ion, 4-phenyl- 4.181 

Phenoxide ion, 2,4,6-trichloro- 4.182 

2-(Phenoxymethylidene)adamantane 2.350,2.351,2.352, 

2.354 

Phenylalanine 10.31 

L-Phenylalanine, 3,4-dihydroxy- &..:t83 

a-Phenyl anisole 3.59 

9-Phenylanthracene 3.14 

Phenyl arachidonate 2.214 
I-Phenylazo-2-naphthol 11.104, 11.94, 11.95, 11.96, 11.97, 

11.98,11.99,11.100,11.102,11.103 

4-Phenylazo-l-naphthol 11.92, 11.87, 11.89, 11.90, 11.91 

l-(Phenylazo )-l-(phenylaminocarbony 1)-2-propanone 
11.62 

2-Phenyl-l,2-benzisoselenazol-3-one 13.40 
2-Phenyl-l,2-benzisothiazol-3-one 13.41 

2-Phenylbenzo[b ] cyc10penta [ e ]pyran 5.8 

Phenyl benzyl nitrone 15.12 
a-Phenyl-N-benzylnitrone 15.12. 

4-Phenylbutylamine 8.49 

Phenyl-N-tert-butylnitrone 15.46 
2-Phenylcyc1openta[b][l]benzopyran 5.8 

4-PhenyI-2,6-di-tert-butylphenol 4.103 
6-Phenyl-3,4-dihydropyran-5-carboxylic acid ethyl ester 

5.100 
Phenyl disulfide 13.84 

2,2' -[ 1 ,2-Pheny lenebis(nitrilornethylidyne)]
bis[phenolato ]nickel(ll) 12.166 

[N,N' -o-Phenylenebis(5-
sulfosalicy lideneiminato) ]nickelate(ll) disodium sc 
12.167 

m-Phenylenediarnine, N,N,NI,N'-tetramethy]- 9.27 

a-Phenylenediamine 9.25 
a-Phenylenediamine, N,N,N',N' -tetrarnethyl- 9.26 

p-Pheny lenediarnine, N-cyc1ohexyl-N' -phenyl- 9.28 

p-Pheny lenediamine, N,N' -diphenyl- 9.29 
p-Phenylenediamine, N-(l-methylethyl)-N' -phenyl- 9.: 

p-Phenylenediamine, N,N,N' ,N' -tetramethy]- 9.31 

I-Phenylethanol 3.55 
2-Phenylethylamine 8.48 

Phenyl fluorenyl nitrone 15.6 
2-Phenylfuran 5.50 

3-Phenylfuran 5.51 

a-Phenylfurfuryl alcohol 5.70 

Phenylhydrazine 9..32 

Phenylhydroquinone 4.30 
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Phenyllinoleate 2.266 

Phenyllinolenate 2.270 

5-(Phenylmethyl)-3-furanylmethy12,2-dimethyl-3-(2-
methyl-l-propenyl)cyclopropanecarboxylate 5.76 

Phenyl 4-methylphenyl nitrone 15.9 

4-[ (Pheny lmethyl )thio ]morpholine 13.112 

1-[ (Phenylmethy 1 )thio ]pjperidine 13.125 

Phenyl 9, 12-octadecadienoate 2.266 

Phenyl 9-octadecenoate 2.273 

Phenyl oleate 2.273 

(E,£)-I-Pheny 1-1 ,3-pentadiene 2.301 

4-Phenylphenolate anion 4.181 

2-Phenylphenoxide 4.180 
4-Phcnylphenoxidc ion 4.181 

N-Phenyl-2-(phenylmethyl)selenobenzamide 13.4 

N-Phenyl-2-(phenylmethyl)thiobenzamide 13.5 
CE)-l-Phenylpropene 3.119 

(Z)-I-Phenylpropene 3.120 

3-Phenylpropylamine 8.50 
a-(3-Phenylpropyl)furfuryl alcohol 5.73 

~-Pheny l-a-pyrrolidinylbenzeneethanol 8.2 

Phenylpyruvic acid 17.60 

Phenyl sulfide 13.34, 13.16, 13.23, 13.26, 13.31 

(E)-2-Phenylsulfinyl-2-butene 13.54 

(Z)-2-Phenylsulfinyl-2-butene 13.55 

I-Phenylsulfinyl-2-methylpropene 2.338 

9-(Phenylsulfonyl)fluorene anion 13.98 

9-(Phenylsulfonyl)fluoren-9-yl anion 13.98 

(E)-1-(Phenylsulfonyl)-3-(~-methoxylvinyl)indole 2.247, 
2.249 

(Z)-I-(Phenylsulfonyl)-3-(~-methoxylvinyl)indole 2.249 

3-Phenylsydnone 5.107 

I-Phenyl-4,4,S,S-tetramethyl-2,3,4,5,7,S,9,10-
octahydropyrrolo[ 4.3.2-m,n lacridine-l O-one 6.69 

4-Phenylthiobenzophenone 13.163 

3-Phenylthio-l-propanol 13.137 
Pheophytin a 7.26 

Pheophytin b 7.27 

Phleichrome 16.53 
20-Phorbinecarboxylic acid, 3,4-didchydro-

3,4,S,9,13,14,IS,19-octaethyl-lS,19-dihydro-, ethyl 
ester 7.28 

20-Phorbinecarboxylic acid, 3,4-didehydro-
3,4,S,9, 13, 14, IS, 19-octaethyl-lS, 19-dihydro-, ethyl 
ester, dichlorotin(IV) 7.29 

20-Phorbinecarboxy lic acid, 3,4,20,21-tetradehydro-
3,4,S,9,13,14,IS,19-octaethyl-lS,19-dihydro-, ethyl 
ester 7.30 

20-Phorbinecarboxylic acid, 3,4,20,21-tetradehydro-
4,9, 14,19-tetraethyl-1S, 19-dihydro-3,S, 13,1S
tetramethyl-, ethyl ester, zinc(II) 7.31 

3-Phorbinepropanoic acid, 9-acety 1-14-ethy 1-13,14-
dihydro-21-(methoxycarbony 1 )-4,S, 13, 18-
tetramethyl-20-oxo-,3,7,11,15-tetramethyl-2-
hexadecenyl ester 7.32 

3-Phorbinepropanoic acid, 9-acety 1-14-ethy lidene-13, 14-
dihydro-21-(methoxycarbonyl)-4,S,13,18-
tetramethyl-20-oxo-,3,7,11,15-tetramethyl-2-
hexadecenyl ester 7.33 

3-Phorbinepropanoic acid, 3,4-didehydro-4,9-diethenyl-14-
ethyl-21-(methoxycarbonyl)-4,S,13,IS
tetramethyl-20-oxo-,3,7,11,15-tetramethyl-2-
hexadecenyl ester, magnesium complex 7.34,7.35 

3-Phorbinepropanoic acid, 3,4-didehydro-9-etheny 1-14-
ethyl-21-(methoxycarbonyl)-4,S,13,lS
tetramethyl-20-oxo-,2-amino-2-
(methoxycarbonyl)ethyl ester, magnesium(II), 7.36 

3-Phorbinepropanoic acid, 3,4-didehydro-9-ethenyl-14-
ethyl-21-(methoxycarbonyl)-4,8, 13, IS
tetramethyl-20-oxo-, magnesiumCll) 7.37 

3-Phorbinepropanoic acid, 3,4-didehydro-9-ethenyl-14-
ethyl-2 1-(methoxycarbonyl)-4,8, 1 3, 18-
tc:;tramc:;thyl-20-oxo-,3,7,11,15-tetramethyl-2-
hexadecenyl ester 7.38, 7.39 

Phosphatidylcholine 17.53 

Phosphatidy lethanolamine 17.52 

5-0-Phosphono-~-D-ribofuranosyl-3-pyridinecarboxamide 
16.51 

Phosphoric acid, mono(2-aminoethyl) mono(2,3-
dihydroxypropyl) ester 17.52 

Phosphoric acid, mono(2-dimethylammonioethyl) 
mono(2,3-dihydroxypropyl) ester 17.53 

Phthalazine-l,4-dione, 5-amino-2,3-dihydro- 9.33 

Phthalocyanine, bis(tribenzylsiloxy)silicon 7.40 

Phthalocyanine, bis(tripropylsiloxy)silicon 7.41 

Phthalocyanine, 1,4,S,11,15,IS,22,25-octabutoxy- 7.42 

Phthalocyanine, sulfo-, chloroaluminum(ill) 7.43 
Phthalocyanine, sulfo-, zinc(II) 7.44 

Phthalocyanine, tetracarboxy-, copper(Il) 7.45 

Phthalocyanine,2,9,16,23-tetra(1,I-dimethylethyl)- 7.46 
Phycol-400 17.54 

15-cis-Phytoene 2.74 

15-(Z)-Phytoene 2.74 
15-cis-Phytofluene 2.73 

Phytol 2.238 

Phytyl acetate 2.239 

Pigment Red 1 11.103 

Pigment Red 3 11.101 

Pinacyanol chloride 11.41 

a-Pinene 2.326, 13.103, 13.118, 13.137 

~-Pinene 2.327 

2-Pipecoline 8.59 

Piperazine 8.51 

I-Piperidinamine, N,N-dimethyl- 8.52 

Piperidine 8.53 
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Piperidine, 4-amino-2,2,6,6-tetramethyl- 8.54 

Piperidine, I-butoxy-2,2,6,6-tetramethyl- 8.55 

Piperidine, I-cyclohexyl- 8.56 

Piperidine, 1,2-dimethyl- 8.57 

Piperidine,2,6-dimethyl- 8.58 
Piperidine,2-methyl- 8.59 

Piperidine, N-methyl-· 8.60 

Piperidine, N.;methyl-4-hydroxy- 8.71 

Piperidine, 1 ,2,2,6,6-pentamethy 1- 8.61 

Piperidine, 1-[(phenylmethyl)thio]- 13.125 

Piperidine, 1-( I-pyrrolidiny 1)- 8.62 

Piperidine,2,2,6,6-tetramethyl- 8.63 

Piperidine, 2,2,6,6-tetramethyl-4,4' -[ 1,6-
hexanediaminyl]bis- 8.64 

Piperidine, 2,2,6,6-tetramethyl-4,4' -[ 1 ,6-
hexanediaminyl]bis-,polymer 8.65 

I-Piperidineethanol, diester with [[3,5-bis(1, 1-
dimethylethyl)-4-
hydroxyphenyl]methyl]butylpropanedioic acid 8.66 

I-PiperidineethanoI, 4-hydroxy-2,2,6,6-tetramethyl-, poly
mer with butanedioic acid 8.67 

I-Piperidineethanol, 2,2,6,6-tetramethy 1- 8.68 
I-Piperidineethanol, 2,2.6.6-tetramethyl-. acetate (ester) 

8.69 

Piperidin-l-ol, 2,2,6,6-tetramethyl- 15.28 
Piperidin-3-o1, I-methyl- R.70 

Piperidin-4-ol, I-methyl- 8.71 

Piperidin-4-o1, 1,2,2,6,6-pentamethyl- 8.72 

Piperidin-4-o1, 1 ,2,2,6,6-pentamethyl-, diester with [[3,5-
bis( 1 ,I-dimethy lethy 1 )-4-
hydroxyphenyl]methyl]butylpropanedioic acid 8.73 

Piperidin-4-ol, 1 ,2,2,6,6-pentamethy 1-, rliester with 1.10-
decanedioic acid 8.74 

Piperidin-4-ol, 1 ,2,2,6,6-pentamethy 1-, triester with nitrilo
triacetic acid 8.75 

Piperidin-4-ol, 1,2,2,6-tetramethyl-, phenylacetate ester 
8.76 

Piperidin-4-ol,2,2,6,6-tetramethyl- 8.77,8.19 

Piperidin-4-ol, 2,2,6,6-tetramethyl-, diester with 1,10-
decanedioic acid 8.78 

Piperirlin-4-o1. 2,2,6.6-tetramethyl-. ester with copolymer of 
styrene + methacry lie acid 8.79 

Piperidin-4-ol, 2,2,6,6-tetramethyl-, triester with nitrilo-
triacetic acid 8.80 

I-Piperidiny loxy, 4-amino-2,2,6,6-tetramethyl- 15.29 

I-Piperidinyloxy,4-azido-2,2,6,6-tetramethyl- 15.30 

I-Piperidinyloxy,4,4'-[(1,10-dioxo-l,10-
decanediyl)bis(oxy) [2,2,6,6-tetramethyl- 15.37 

I-Piperidinyloxy, 4,4' -[( 1 ,6-dioxo-l ,6-
hexanediy l)bis( oxy) [2.2.6.6-tetramethyl- 15.38 

1-Piperidiny loxy, 4-hydroxy -4-(2-naphthy 1)-2,2,6,6-
tetramethyl-, 15.31 

I-Piperidinyloxy, 4-hydroxy-4-(2-phenylethynyl)-2,2,6,h 
tetramethyl- 15.32 

I-Piperidiny loxy, 4-hydroxy-2,2,6,6-tetramethyl- 15.33 

I-Piperidiny loxy, 4-hydroxy-2,2,6,6-tetramethyl-, benzoa t (' 
15.34 

I-Plperldlnyloxy, 4-hydroxy-2,2,6,6-tctramcthyl-, butyra,l' 
15.35 

1-Piperidinyloxy, 4-hydroxy-2,2,6,6-tetramethyl-, cro
ton ate 15.36 

I-Piperidinyloxy, 4-hydroxy-2,2,6,6-tetramethyl-, diester 
with 1,1 O-decanedioic acid 15.37 

I-Piperidinyloxy, 4-hydroxy-2,2,6,6-tetramethyl-, diester 
with 1,6-hexanedioic acid 15.38 

1-Piperidiny loxy, 4-hydroxy-2,2,6,6-tetramethyl-, diester 
with terephthalic acid IS.39 

I-Piperidinyloxy, 4-hydroxy-2,2,6,6-tetramethyl-, 
methacrylate 15.40 . 

I-Piperidinyloxy, 4-hydroxy-2,2,6,6-tetramethyl-, pen
tanoate 15.41 

I-Piperidinyloxy, 4-iodo-2,2,6,6-tetramethyl- 15.42 

I-Piperidinyloxy, 4,4' -[ 1 ,4-
phenylenebis( carbony loxy) ]bis[2,2,6,6-tetramethy 1-
15.39 

I-Pipe.ridiny]oxy,2,2,n,6-tetrarnethyl- 15.43 

I-Piperidiny loxy, 2,2,6,6-tetramethy 1-4-[ (2-methy I-I-oxo-
2-propenyl)oxy]- 15.40 

I-Piperidinyloxy, 2,2,6,6-tetmrnethyl-4-(2-oxo-l
butenyl)oxy- 15.36 

1-Piperidinyloxy, 2,2,6,6-tetramethyl-4-( l-oxobutoxy)-
15.35 

4-Piperidone, 2,2,6,6-tetramethyl-l-oxyl- 15.44 

(E)-Piperylene 2.328 
(Z)-Piperylene 2.329 

Pivalothiophenone 13.126 

Pivalothiophenone,4'-chloro- 13.127 
Pi valothiophenone, 4'-fluoro- 13.128 

Pivalothiophenone, 4'-methoxy- 13.129 

Platinum(ll) bis[l ,2-di( 4-ethylphenyl)-1 ,2-
ethenedithiolato]- 12.43 

Platinum(ll) 3,4-dimercaptotoluene( 1,1 O-phenanthroline) 
12.155 

Puly(N,N'-Bis[ 4-(2,2,6,6-tctramcthylpipcridinyl)]-1 ,6-
hexanediamine) 8.65 

Polybutadiene 2.330 
cis-Puly(butaditme) 2.330 

(Z)-Poly(butadiene) 2.330 

Polycarbonate 17.55 

Polyester of succinic acid and 4-hydroxy-I-(2-
hydroxyethyl)-2,2,6,6-tetramethylpiperidine 8.67 

Poly(ethylene glycol) 17.56 
Polyisoprene 2.331 

cis-Poly(isoprene) 2.331 

(Z)-Poly(isoprene) 2.331 
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Poly(methyl methacrylate) 17.57 

Polystyrene 17.5S 
Polystyrene-substituted with 4-(2,2,6,6-

tetramethylpiperidinyl) alkanoate 8.79 
Poly[[6-[(1,1,3,3-tetramethylbutyl)amino]- 1,3,5-triazine-

2,4-diyl)][(2,2,6,6-tetramethyl- 4-piperidinyl)imino]-
1,6-hexanediyl[(7,2,6,6- tetramethyl-4-
piperidinyl)imino]] S.16 

Porphinatozinc(II) 7.71 
Porphine, (acetato)5,10,15,20-tetraphenyl-, iron(ll) 7.47 
Porphine, (acetato)5,10,15,20-tetraphenyl-, manganese(llI) 

7.48 
Porphine, 2,3-dihydro-5, 10, 15,20-tetraphenyl- 7.50 
Porphine, 2,3-dihydro-5, 1 0, 15,20-tetrapheny 1-, 

cadmium(II) 7.51 

Porphine, 2,3-dihydro-5, 1 0, 15,20-tetrapheny 1-, copper(TI) 
7.52 

Porphine, 2,3-dihydro-5, 10, 15,20-tetrapheny 1-, zinc(ll) 
7.53 

Porphine, 7,8,17,lS-tetrahydro-5,10,15,20-tetraphenyl-, (E) 
7.54 

Porphine, 5,1 0, 15,20-tetrakis( 4-iodophenyl)-, copper(II) 
7.55 

Porphine, 5,10,15 ,20-tetrakis( 4-methoxyphenyl)-, 
copper(TI) 7.56 

Porphine, tetrakis(4-sulfonatophenyl)- 7.57 
Porphine, .5,10,1.5 ,20-tetrakis( 4-sulfonatopheny 1)- 7.57 

Porphine, 5,10, 15,20-tetrakis( 4-sulfonatophenyl)-, 
dichlorotin(IV) 7.5S 

Porphine,5,10,15,20-tetraphenyl- 7.59 
Porphine, 5,10,15,20-tetraphenyl-, cadmium{II) 7.60 
Porphine, 5,10,15 ,20-tetraphenyl-, chloroaluminum(ll) 

7.61 
Porphine, 5,10,15,20-tetraphenyl-, cobalt(II) 7.62 
Porphine, 5,10,15,20-tetraphenyl-, copper(TI) 7.63 
Porphine, 5,10,15,20-tetraphenyl-, dichlorotin(IV) 7.64 
Porphine, 5,10, 15,20-tetraphenyl-, magnesium(ll) 7.65 
Porphine, 5,10,15,20-tetraphenyl-, manganese(ID) 7.66 
Porphine, 5,10,15,20-tetraphenyl-, nickel (II) 7.67 
Porphine, 5,10,15,20-tetraphenyl-, zinc(ll) 7.68 

Porphine, zinc(ll) 7.71 
Porphine-2, lS-dipropanoic acid, 7,12-bis(l-hydroxyethyl)-

3,S,13,17-tetramethyl- 7.72 
Porphine-2, lS-dipropanoic acid, 7, 12-dietheny 1-3,S, 13,17-

tetramethyl- 7.73 
Porphine-2,lS-dipropanoic acid, 7,12-diethenyl-3,8,13,17-

tetramethyl-, acetatoferrate(ill), dimethyl ester 7.74 
Porprune-2,18-dipropanoic acid, 7,12-diethenyl-3,S,13,17-

tetramethyl-, cadmium(II) 7.75 
Porphine-2,lS-dipropanoic acid, 7,12-diethenyl-3,8,13,17-

tetramethyl-, cobalt(ll) 7.76 

Porphine-2,lS-dipropanoic acid, 7,12-diethenyl-3,8,13,17-
tetramethyl-, copper(II) 7.77 

Porphine-2,IS-dipropanoic acid, 7,12-diethenyl-3,S,13,17-
tetramethyl-, dimethyl ester 7.78 

Porphine-2, 18-dipropanoic acid, 7, 12-diethenyl-3 ,S, 13,17-
tetramethyl-, dimethyl ester, nickel(Il) 7.79 

Porphine-2,1 S-dipropanoic acid, 7,12-diethenyl-3,8,13,17-
tetramethyl-, nickel(Il) 7.S0 

Porphine-2,18-dipropanoic acid, 7, 12-diethenyl-3,8, 13, 17-
tetramethyl-, zinc(ll) 7.81 

Porphine-2,lS-dipropanoic acid, 7,12-diethyl-3,S,13,17-
tetramethyl-, cobalt(Il) 7.82 

Porphine-2,18-dipropanoic acid, 7,12-diethyl-3,8,13,17-
tetramethyl-, di [4-( diphenylmethylaminocarbonyl-2-
nitrophenylmethyl] ester 7.83 

Porphine-2, lS-di propanoic acid, 7, 12-diethy 1-3,8,13,17-
tetramethyl-, diethyl ester, manganese(ll) 7.84 

Porphine-2, 18-dipropanoic acid, 7 ,12-diethy 1-3,S, 13,17-
tetramethyl-, dimethyl ester 7.85 

Porphine-2, 18-dipropanoic acid, 7, 12-diethy 1-3,8,13,17-
tetramethyl-, dimethyl ester, cobalt(Il) 7.86 

Porphine-2, IS-dipropanoic acid, 7, 12-diethyl-3,S, 13,17-
tctramcthyl-, nickel(ll) 7.87 

Porphine-2, IS-dipropanoic acid, 7-[2-( dimethy lamino)-2-
oxoethyl]-S-ethyl-7,8-dihydro-3,7,12,17-tetramethyl, 
dimethyl ester, (Z)7 .88 

Porphine-2, IS-dipropanoic acid, 7-[2-( dimethylamino )-2-
oxoethy 1 J-S-ethylidene-7 ,S-dihydro-
3,7,12,17-tetramethyI. dimethyl ester. 7.89 

Porphine-2, lS-dipropanoic acid, S-etheny 1-13-ethy 1-
3,7,12, 17-tetramethyl- 7.90 

Porphine-2,lS-dipropanoic acid, S-ethenyl-13-ethyl-
3,7,12, 17-tetramethyl-, dimethyl ester 7.91 

Porphine-2,18-dipropanoic acid, 7-ethenyl-12-(l
hydroxyethyl)-3,8,13,17-tetramethyl- 7.92 

Porphine-2,18-dipropanoic acid, 7-ethenyl-3,8,13,17-
tetramethyl- 7.93 

Porphine-2, 18-dipropanoic acid, 3,7,12,17 -tetramethyl-, 
dimethy 1 ester 7.94 

Porphine-2,18-dipropanoic acid, 3,7,12,17-tetramethyl-, 
nickel(ll) 7.95 

Porphine-2,IS-dipropanoic acid, 3,7,12,17-tetramethyl-, 
nickel(ll), bis(piperidine) 7.96 

5-Porphinepropenoic acid, octaethyl-, ethyl ester 7.97 
L22]Porphyrin-(2.2.2.2),octaethyl-, (di-trans) 7.98 

[26] Porphyrin 7.99 
[26]Porphyrin-(2.4.2.4), 2,3,10,11, 16, 17,24,25-octaethyI-

,,6,7,M,19,20,21,22-octadehydro- 7.100 

PPO 6.31 
Pregna-5,16-dien-20-one, 3-(acetyloxy)- (3~) 16.61 
Pregnenolone 16.62 
Pregn-5-en-20-one, 3-hydroxy-, (3P) 16.62 

Proflavine 11.1 
L-Proline, 1-(3-mercapto-2-methyl-l-oxopropyl)-, (8)-

13.130 

I fU .. ,... 1"'........... Daf n!lt~ Vnl ?4. Nn. 2. 1995 
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2-Propanamine, 2-methy 1-N -( I-methy 1-4-
pyridylmethylene)-, N-oxyl 15.45 

2-Propanamine, 2-methyl-N-phenylmethylene-, N-oxyl 
15.46 

2-Propanamine, 2-methyl-N-( 4-pyridylmethylene )-, N,N
dioxyl- 15.47 

2-Propanamine, 2-methyl-N-( 4-pyridylmethylene )-, N-oxyl 
15.48 

2-Propanamine, 2-methyl-N-(2-sulfonatophenyl)methylene-, 
N-oxyl 15.49 

Propane, 1-(1,l-dimethylethylthio)- 13.58 

Propane, 2-methyl-2-nitroso- 15.50 

Propane, I-methyl-I-(propylthio)- 13.59 

Propanediamide, 2-[[( 4-diethy lamino)-2-
ethylphenyl]imino]-N,N' -diphenyl- 11.115 

Propanedioic acid, [[3,5-bis(1,I-dimethylethyl)-4-
hydroxyphenyl]methyI]butyl-, bis[2-(2,2,6,6-
t~Lnum:~thyl-l-pip~ridinyl)~thyl] ~ster 8.66 

1,3-Propanediol, 2-amino-2-(hydroxymethyl)- 17.59 

1,3-Propanedione, 2-[[2-ethyl-4-
(divLhyhuninu)pht:nyl]iminu]-1,3-diphenyl- 11.116 

Propanenitrile,3-(diethylamino)- 8.81 . 

I-Propanethiol, 3-amino-2-hydroxy- 13.131 

1-Propanethione, 1-( 4-chlorophenyl)-2,2-dimethy 1- 13.127 

I-Propanethione, 1-( 4-fluoropheny 1)-2,2-dimethyl- 13.128 

I-Propanethione, 1-( 4-methoxyphenyl)-2,2-dimethyl-
13.129 

Propanoic acid, 2-oxo-3-phenyl- 17.60 

I-Propanol, 3-(3-chlorophenyl)thio- 13.132 
I-Propanol, 3-( 4-chlorophenyl)thio- 13.133 

I-Propanol, 3-( dimethyl amino )- 8.82 

I-Propanol, 3-( 4-fluorophenyl)thio- 13.134 
I-Propanol, 3-( 4-methoxyphenyl)thio- 13.135 

I-Propanol,3-(4-methylphenyl)thio- 13.136 

I-Propanol,3-(phenylthio)- 13.137 

2-Propanol 17.61 

2-Propanol, l-amino-3-thio- 13.131 

2-Propanone 17.2 

2-Propanone, (I-methylethylidene )hydrazone 15.3, 2.40 

2-Propanone, 1-( 4-methy lpheny lazo )-1-
(phenylaminocarhonyl)- 11.60 

2-Propanone, l-(pheny lazo )-l-(phenylaminocarbony 1)-
11.62 

2-Propanone azine 15.3,2.40 

Propenal 2.1 

I-Propen-I-amine, N,N,2-trimethyl- 8.83 

I-Propene,I-anisyl- 3.116 

Propene, 1,1-bis(cyclobutyl)-2-methyl- 2.332 

Propene, 1,I-bis(cyc1opropyl)- 2.333 

Propene, I,I-bis(cyclopropyl)-2-methyl- 2.334 

Propene, l-cyclopropyl-2-methyl- 2.335 

Propene, l-ethoxy-2-methyl- 2.336 
Propene, 2-methyl- 2.337 

: Propene, 2-methyl-l-naphthalenyl- 3.87 

Propene,2-methyl-l-phenyl- 3.114 

Propene, 2-methyl-I-(phenylsulfinyl)- 2.338 

2-Propenoic acid, 3-(2-hydroxyphenyl)- 4.69 

p-Propenylanisole 3.116 

4,4'-(1,3-Propenyl)bis[2,6-di(1,1-dimethylethyl)pyryliuHI 
11.159 

Propylamine 8.84 
Propylamine,2-metbyl- 8.85 

Propylamine, N-propyl- 8.86 

Propylamine[2,2' -thiobis[ 4-( I, I ,3,3-
tetramethylbutyl)]phenolato] nickel (ll) 12.168 

[N,N' -Propylenebis(5-
sulfosalicylideneiminato) ]nickelate(ll) disodium s;,1 t 
12.169 

Propylene sulfide 13.152 

Propyn-l-amine. N.N-diethyl- 8.87 
Protease Type vn 10.32 

Protochlorophyll 7.39 
Protochlorophy llide 7.37 

Protochlorophyllide 2-amino-2-(methoxycarbonyl)ethyl 
ester 7.36 

Protopheophytin 7.38 

Protoporphyrin IX ·7.73 

Protoporphyrin IX, dimethyl ester 7.78 

Pseudoisocyanine 11.45 

Psoralen 5.86 

Psoralen, 8-methoxy- 5.87 
Pul~gullv 2.115 

Purine, 6-amino- 16.63 

Purin-2,6,8-trione, 7,9-dihydro-, ion(l-) 16.64 
Pyran-4-d, 2,3-dihydro-4-methyl- 5.92 

Pyran-4-d, 3,4-dihydro-4-methyl- 5.92 

Pyran-4-t,2,3-dihydro-4-methyl- 5.93 

Pyran-4-t,3,4-dihydro-4-methyl- 5.93 

Pyran-5-t, 2,3-dihydro-4,4-dimethyl- 5.94 

Pyran-5-t, 3,4-dihydro-4,4-dimethyl- 5.94 

Pyran-5-t, 2,3-dihydro-4-methyl- 5.95 
Pyran-5-t, 3,4-dihydro-4-methyl- 5.95 
Pyran-6-t,2,3-dihydro-4,4-dimethyl- 5.96 
Pyran-6-t, 3,4-dihydro-4,4-dimethyl- 5.96 

Pyran-6-t, 2,3-dihydro-4-methyl- 5.97 

Pyran-6-t. 3.4-dihydro-4-methyl- 5.97 

Pyran, 5-benzoyl-3,4-dihydro-6-phenyl- 5.89 
Pyran,3,4-dihydro- 5.90 

Pyran, 3,4-dihydro-5,6-dimethyl- 5.91 
Pyran, 5,6-dihydro-2,3-dimethyl- 5.91 

Pyran, 3,4-dihydro-6-methyl-5-acetyl- 5.88 

Pyran, 5-ethoxycarbonyl-3,4-dihydro-6-methyl- 5.98 
Pyran,5-ethoxycarbonyl-3,4-dihydro-6-phenyl- 5.100 

Pyran-5-carboxylic acid, 3,4-dihydro-6-methyl-, ethyl ester 
5.98 
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Pyran-5-carboxylic acid, 3,4-dihydro-6-(1-methylethyl)-, 
ethyl ester 5.99 

Pyran-5-carboxylic acid, 3,4-dihydro-6-phenyl-, ethyl ester 
5.100 

Pyran-5-carboxylic acid, 6-ethyl-3,4-dihydro-, ethyl ester 
5.101 

Pyran-4-thione 13.13~ 

Pyran-4-thione,2,6-dimethyl- 13.139 

Pyran-4-thione, 2,6-diphenyl- 13.140 

Pyrazole, 4,5-dihydro-5-[ 4-( diethylamino )phenyl]-3-[2-[ 4-
(diethylamino)phenyl]ethenyl]-l-phenyl- 11.117 

Pyrazole, 4,5-dihydro-5-[ 4-( dimethy lamino )pheny 1]-3-[2-
[4-( dime thy lamino )pheny I ]etheny 1] -l-pheny 1- 11.118 

Pyrazole, 4,5-dihydro-1 ,5-dipheny l-3-(2-pheny letheny 1)-
11.119 

Pyrazole, 4,5-dihydro-5-( 4-methoxyphenyl)-3-[2-( 4-
methoxypheny I )etheny I] -I-phenyl- 11.120 

Pyrazole,3,4,4,5-tetramethyl- 15.3 

Pyrazole dye 2 11.155 

Pyrazole dye 3 11.22 
Pyrazole dye 4 11.24 

Pyrazole dye 5 11.25 

Pyrazole dye 6 11.21 

Pyrazole dye 7 '11.23 

Pyrazole-3-selone, 4-( aminomethy lene)-2,4-dihydro-5-
methyl-2-phenyl-, (Z)- 13.141 

Pyrazole-3-thione, 4-( aminomethylene)-2,4-dihydro-5-
methyl-2-phenyl- 13.142 

2-Pyrazoline, 3-( 4-chlorophenyl)-1 ,5-diphenyl- 11.121 

2-Pyrazoline,5-(4-chlorophenyl)-1,3-diphenyl- 11.122 

2-Pyrazoline,5-deutero-1,3,5-triphenyl- 11.123 

2-Pyrazoline, 1,5-diphenyl-3-styryl- 11.119 

2-Pyrazoline, 3-( 4-methoxyphenyl)-1 ,5-diphenyl- 11.124 

2-Pyrazoline, 5-( 4-methoxyphenyl)-1 ,3-diphenyl- 11.125 
2-Pyrazolinc, 5-[p-mcthoxyphcnyl]-3-[p-mcthoxystyryl]-1-

phenyl- 11.120 

2-Pyrazoline, 3-( 4-methylpheny 1)-1 ,5-diphenyl- 11.126 

2-Pyrazolinc,5-(4-mcthylphcnyl)-1,3-diphcnyl- 11.127 

2-Pyrazoline,1,3,5-triphenyl- 11.121,11.122,11.123,11.124, 

11. 125, 11. 126, 11. 127 

3;..Py razolillolle, 4-( 4-diethy lanullo-2-methylpheny l)imino-
5-methylcarbamyl-2-phenyl- 11.128 

3-Pyrazolinone,4-[4-[ethyl(2-hydroxyethyl)amino]-2-
methylphenyl]imino-5-methyl-2-phenyl- 11.129 

3-Pyrazolinone,4-[4-[(2-
hydroxyethyl)ethy lamino ]phenyl]imino-5-methyl-2-
phenyl- 11.130 

3-Pyrazolinone, 4-[4-[ (2-methylsulfamylethyl)ethy I amino ]-
2-methylphenyl]imino-5-methyl-2-phenyl- 11.78 

Pyrazolo[ 1 ,2-a ]benzotriazole 11.131 

Pyrazolo[1,2-a]benzotriazole, 1,3-dimethyl- 11.132 

Pyrazolo[1,2-a]benzotriazol-4-ium, hydroxide, inner salt 
11.131 

Pyrazolo[1,2-a] [1,2]diazepine, hexahydro- 8.88 

Pyrazol-3-one, 4-[( 4-aminophenyl)imino ]-2,4-dihydro-5-
methyl-2-phenyl- 11.133 

Pyrazol-3-one,4-[(4-amino-2,3,5,6-
tetramethylpheny l)imino ]-2,4-dihydro-5-methyl-
2-phenyl- 11.134 

Pyrazol-3-one, 2-( 4-bromophenyl)-4-( 4-diethylamino-2-
methy Iphenyl)-2,4-
dihydro-imino-5-methylcarbamy 1- 11.135 

Pyrazol-3-one, 2-(3-chloropheny 1)-4-( 4-diethy lamino-2-
methylphenyl)-2,4-
dihydro-imino-5-methylcarbamyl- 11.136 

Pyrazol-3-one, 2-( 4-chlorophenyl )-4-( 4-diethy lamino-2-
methy Iphenyl)-2,4-
dihydro-imino--5 -methylcarbamy 1- 11.137 

Pyrazol-3-one,4-[[4-(diethylamino)-2,6-
dimethy lphenyl]imino]-2,4-dihydro-5-
(benzoylamino)-2-phenyl- 11.138 

Pyrazol-3-one,4-[[4-(diethylamino)-2,6-
dimethylphenyl]imino ]-2,4-dihydro-5-( 1,1-
dimethylethyl)-2-phenyl- 11.139 

Pyrazol-3-one, 4-[[4-( diethylamino )-2,6-
dimethylphenyl]imino]-2,4-dihydro-5-methyl-
2-phenyl- 11.140 

Pyrazol-3-one,4-[[4-(diethylamino)-2-
methylpheny l]imino ]-2,4-dihydro-5-( 1,1-
dimethylethyl)-2-phenyl- 11.141 

Pyrazol-3-one, 4-( 4-diethy lamino-2-methylphenyl)imino-
2,4-dihydro-5-methylcarbamyl-
2-(3 .. methoxyphenyl)- 11.142 

Pyrazol-3-one,4-(4-diethylamino-2-methylphenyl)imino-
2,4-dihydro-5-methylcarbamyl-2-(3-methylphenyl)-
11.143 

Pyrazol-3-one,4-[[4-(diethylamino)-2-
methy Iphenyl] imino ]-2,4-dihydro-5-methy 1-
2-phenyl- 11.144 

Pyrazol-3-onc,4-(4-dicthylamino-2-methylphenyl)imino-5-
methylcarbamyl-2,4-dihydro-2-(4-nitrophenyl)-
11.145 

Pyrazol-- 3 one, IJ( IJdiethylamino2methylphenyl)imino-5-
methylcarbamyl-2,4-dihydro-
2-(2,4,6-trichlorophenyl)- 11.146 

Pyrazol-3-one,4-[[4-(diethylamino)phenyl]iminol-2,4-
dihydro-5-methyl-2-phenyl- 11.147 

Pyrazol-3-one, 2,4-dihydro-4-[ (4-methoxyphenyl)imino ]-5-
methyl-2-phenyl- 11.148 

Pyrazol-3-one, 4-[[4-( dimethylamino )-3,5-
dimethy lphenyl ] imino ]-2,4-dihydro-5-methyl-
2-phenyl- 11.149 

Pyrazol-3-one, 4-[[4-( dimethyl amino )pheny l]imino]-2,4-
dihydro-5-methyl-2-phenyl- 11.150 

Pyrazol-3-one,4-[[4-(dimethylamino)-2,3,5,6-
tetramethylphenyl]imino]-2,4-dihydro-5-methyl:' 
2-phenyl- 11.151 

Pyrazol-3-one, 4~[[ 4-( diphenylamino )phenyl] imino ]-2,4-
dihydro-5-methyl-2-phenyl- 11.152 
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Pyrazol-3-one, 4,4' -[(2,3,5,6-tetramethyl-l,4-
phenylene)dinitrilo]bis[2,4-dihydro-5-methyl-2-
phenyl- 11.153 

Pyrazolo[1,2-a]pyrazole, tetrahydro- 8.89 
Pyrazolo[l ,2-a ]pyrazolc, tctrahydro-2,2,6,6-tctrnmethyl-

8.90 

Pyrazolo[5,I-c]-1,2,4-triazole,7-[4-(N-ethyl- [N-(2-
methy 1 sulfonyl ami no )ethyl] amino- 2-
methylphenylimino]-6-methyl-3-[4-[3-[(3-butyl- 4-
hydroxyphenoxy( dodecyl)methoxy]
carbonylamino)phenyl]propyl]- 11.154 

Pyrazolo[5,1-c]-1,2,4-triazole-6-carboxylic acid, 7-[[4-
(diethylamino )-2-methylphenyl]imino ]-3-phenyl-, 
ethyl ester 11.155 

Pyrazolo[l',2':2,3] [1,2,3]triazolo[4,5-a]phenazin-4-ium, 
1,3-dimethyl- 6.39 

Pyridazine, hexahydro-l ,2-dimethy 1- 8.91 
Pyridazino[l,2-a]pyridazine,octahydro- 8.92 

Pyridine 6.40 

Pyridine, 3,5-diacetyl-l,4~dihydro- 6.41 
Pyridine, 3 ,5-diacetyl-l ,4-dihydro-2,6-dimethy 1- 6.42 

Pyridine, 3 ,5-dibenzoyl-l ,4-dihydro-2,6-dimethyl- 6.43 

Pyridine,3-(1-methyl-2-pyrrolidinyl)- 8.93 

Pyridine, 1,2,3,6-tetrahydro-l-methyl-4-phenyl- 8.94 

3-Pyridinecarboxamide, 1 ,4-dihydro-l-(5-0-phosphono-~-
D-ribofuranosyl- 16.51 

Pyridine-3,5-dicarboxamide, 1 ,4-dihydro-2,6-dimethy I
N ,N-diphenyl- 6.44 

Pyridine-3.5-dicarboxamide. 1.4-dihydro-2.4.6-trimethyl
N ,N-diphenyl- 6.45 

Pyridine-3,5-dicarboxylic acid, 1,4-dihydro-2,6-dimethyl-, 
dicyclohexyl ester 6.46 

Pyridine-3 ,5-dicarbox y lic acid, 1 ,4-dihydro-2, 6-dimethy 1-, 
diethyl ester 6.47 

Pyridine-3,5-dicarboxylic acid, 1,4-dihydro-2,6-dimethyl-, 
dihexyl ester 6.48 

Pyridine-3,5-dicarboxylic acid, 1 ,4-dihydro-2,6-dimethyl-, 
di(l-methylethyl) ester 6.49 

Pyridine-3,5-dicarboxylic acid, 1 ,4-dihydro-2,6-dipheny 1-, 
diethyl ester 6.50 

Pyridine-3 ,5-dicarboxylic acid, 1 ,4-dihydro-2,4,6-trimethy 1-, 
diethyl ester 6.51 

Pyridine-3,5-dicarboxylic acid, 2,6-dimethyl-, diethyl ester 
6.52 

Pyrldinium,2,3-dihydro-l-methyl-4-phenyl- 6.53 

Pyrldinium,4-[[(1,I-dimethylethyl)imino]methyl]-I-
methyl- 15.45 

Pyridinium, I-methyl- 6.54 

Pyridinium, I-methyl-4-phenyl- 6.55 

Pyrido[2, I-b ]benzothiazolium, 4-[(2,3-dihydro )pyrido[2, 1-
b]benzothiazol-4-yl)methylene]-1,2,3,4-tetrahydro-, 
iodide 11.156 

Pyrldo[ 4,3-b ]indole, N-acetyl-2,3,4,4a,5 ,9b-hexahydro-2,8-
dimethyl- 6.57 

Pyrido[ 4,3-b lindole, 2,3,4,4a,5,9b-hexahydro-2,8-dimethyl 
cis-( -), 6.56 

Pyrido[4,3-b ] indole, 1 ,2,3,4-tetrahydro-2,8-dimethyl- 6.S~ 

a.-(4-Pyridyl)-ten-butyl nitrone 15.48 
u-(4-Pyriuyll-uxiut:)-N-tert-butylnittunt: 15.47 

2-Pyrimidinamine, N,N,4,5-tetramethyl-6-
(phenylmethoxy)- 16.65 

Pyrimidin-4-o1,5-butyl-2-(dimethylamino)-6-methyl-
16.66 

Pyrimidin-4-ol, 5-butyl-2-( ethylamino )-6-methyl- 16.67 

Pyrimidin-4-ol, 2-( diethylamino )-6-methyl- 16.68 

Pyrimidin-4-ol,2-(dimethylamino)-5,6-dimethyl- 16.69 

Pyrlmidin-4-ol,2-(dimethylamino)-6-methyl- 16.70 

4-Pyrimidinone, 5-buty 1-2-( dimethyl amino )-6-methyl-
16.66 

4-Pyrimidinone, 5-butyl-2-( ethyl amino )-6-methyl- 16.67 
4-Pyrimidinone, 2-( diethylamino )-6-methyl- 16.68 

4-Pyrimidinone, 2-(dimethylamino)-5~6-dimethyl- 16.69 

4-Pyrimidinone, 2-( dimethyl amino )-6-methyl- 16.70 
Pyrocatechol 4.4 

Pyrrole 6.59 

Pyrrole, 3,4-dihydro-2,2,3-trimethyl-, I-oxide 15.51 

Pyrrole, 3,4-dihydro-3,5,5-trimethyl-, l-oxide 15.52 

Pyrrole, 2,5-dimethy]- 6.60 

Pyrrole, l-(1,l-dimethylethyl)- 6.61 

Pyrrole,2-(1,I-dimethylethyl)- 6.62 

Pyrrole,3-(1,I-dimethylethyl)- 6.63 
Pyrrole,l-methyl- 6.64 

Pyrrole-2,4-dicarboxylic acid, 5,5' -methylenebis[3-methyl-. 
tetraethyl ester 6.65 

Pyrrole-3,5-dicarboxylic acid, 2A-dimethyl-, diethyl ester 
6.66 

I-Pyrrolidinamine, N,N-dimethyl- 8.95 

Pyrrolidine 8.96 

I-Pyrrolidinyloxy,3-cyano-2,2,5,5-tetramethyl-4-nitro-
15.53 

I-Pyrrolidinyloxy, 2,5-di-( 4-hydroxy-3-nitrophenyl)-2,5-
dimethyl- 15.54 

I-Pyrrolidinyloxy, 2-( 4-fluoro-3-nitrophenyl)-2,5,5-
trimethyl- 15.55 

l-(l-Pyrrolidinyl)piperidine 8.62 

I-Pyrroline-l-oxyl,5,5:"dirnethyl- 15.56 
Pyrrolo[2,3,4-k, l]acridine-l O-one, 1-(4-hromophenyl)-

2,3,5,7,8,9-hexahydro-4,4,8,8-tetramethyl- 6.67 

Pyrrolo [2,3 ,4-k, l]acridine-l O-one, 2,3,5,7 ,8,9-hexahydro-l
(4-methoxyphenyl)-4,4,8,8-tetramethyl- 6.68 

Pyrrolo[2,3,4-k, l]acridine-l O-one, 2,3,5,7 ,8,9-hexahydro-
4,4,8,8-tetramethyl-l-phenyl- 6.69 

Pyrrolo[3',2':3,4]cyclopenta[1,2-b]pyridine, 2-(4-
ethoxycarbony Iphenyl)-l ,8-dihydro- 6.70 

Pyrrol-2-one, 3 ,4-diethy 1-1 ,5-dihydro-5-[( 5-methy IpyrroI -2-
yI)methylene]- 7.101 
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Pyrrol-2-one, 3,4-diethyl-5-[(4-ethyl-3,5-dimethylpyrrol-2-
yl)methylene ]-1 ,5-dihydro- 7.102 

Pyrro 1-2-one, 5-[(3 ,5-dimethy lpyrrol-2-y I )methy lene ] -4-
ethyl-l,5-dihydro-3-methyl- 7.103 

Pyrrol-2-one,5-[(4,5-dimethylpyrrol-2-yl)methylene]-4-
ethyl-l,5-dihydro-3-methyl- 7.104 

Pyrrol-2-one,3-ethenyl-5-[(4-ethyl-3,5-dimethylpyrrol-2-
yl)methy lene ]-1 ,5-dihydro-4-methyl- 7.105 

Pyrrol-2-one,4-ethenyl-5-[(4-ethyl-3,5-dimethylpyrrol-2-
yl)methylene]-1,5-dihydro-3-methyl- 7.106 

Pyrrol-2-one, 4-ethyl-l,5-dihydro-3-methyl-5-[(5-
methylpyrrol-2-yl)methylene]- 7.107 

Pyrrol-2-one,5-[(4-ethyl-3,5-dimethylpyrrol-2-
yl)methylene]-1,5-dihydro- 7.108 

Pyry lium, 2,6-bis( 1 , I-dimethy lethy I )-4-[1-[2,6-bis( 1,1-
dimethylethyl)selenapyran-4-ylidene]-3-propenyl]-
11.157 

Pyrylium, 2,6-his( 1, I-dimethylethyl)-4-[ 1-[2,6-bis( 1,1-
dimethylethyl)telluropyran-4-ylidene]-3-propenyl]-
11.158 

Pyrylium, 4,4'-( 1 ,3-propenyl)bis[2,6-di( 1, I-dimcthylcthyl)-

11.159 

PZ25 13.41 

PZ51 13.40 

Quadricyclane 17.63 
Quadricyc1o[2.2.1.02,6.03,5]heptane 17.63 

Quercetin 4.61 

Quinaldine Blue 11.41 

Quinoline 6.71 
. Quinoline, 1,2-dihydro-2,2,4-trimethyl-, homopolymer 6.72 

Quinoline, 2-( 1 ,3-dioxoindolidene)- 11.68 

Quinoline, 8-hydroxy- 6.73 

Quinoline, 6-methoxy- 6.74 

Quinolinium, l-ethyl-2-[(I-ethyl-2-
quinolinylidene )methyl]-, iodide 11.45 

Quinolinium, l-ethyl-2-[3-(I-ethyl-2-quinolinylidene)-I
propenyl]-, chloride 11.41 

Quinolinium, l-ethyl-4-[3-(1-ethyl-4-quinolinylidene)-I
propenyl]- 11.42 

Quinolinium, l-ethyl-4-[3-(l-ethyl-4-quinolylidene )-1-
propenyl]-, toluenesulfonate 11.43 

8-Quinolinol 6.73 

Quinone 16.12 

Quinophthalone 11.68 

Quinuclidine 8.97 

Reserpine 8.98 

Resorcinol 4.10 

Resorcinol dimethyl ether 3.39 

l1-cis-Retinal 2.339 

11-(Z)-Retinal 2.339 

13-cis-Retinal 2.340 

13-(Z)-Retinal 2.340 

(all-E)-Retinal 2.341 

all-trans-Retinal 2.341 

Retinoic acid 2.342 

(all-E)-Retinoic acid 2.342 

all-trans-Retinoic acid 2.342 

(all-E)-Retinol 2.343 

all-trans-Retinol 2.343 

Retinol acetate 2.344 

Retinyl acetate 2.344 

Rhodopsin 16.71 

Riboflavine 16.72 

RO 10-9359 2.262 

Rose Bengal dianion 11.66 

Rubellin A 16.8 
Rubidomycin 4.79 

Rubrene 3.125,3.8,3.10,3.24,3.124,5.83, 7.5, 7.7, 8.6, 8.19, 
8.24,8.27,9.1,9.6,9.14,9.16, 14.1, 14.2, 14.7, 15.44 

RUbrene-2,3,8,9-t.et.racarboxylate ion 3.12.6,3.88 

Rutin 4.58 

Saccharose 16.75 
Salcomine 12.139 

Salicylate ion 4.35 

Sarcina phytoene (3 conjugated bonds) 2.74 

Sarcina phytofluene 2.73 

9,10-Secocholesta-5,7,10(19)-trien-3-o1 (3P) 2.361 

Selenopyrylium,2,6-bis(1,I-dimethylethyl)-4-[I-[2,6-
bis( 1, I-dimethylethyl)selenopyran-4-
ylidene ]-3-propenyl]- 11.160 

Silane, (bicyclo[2.2.1 ]hepta-2,5-dien-2-yloxy)trimethyl-
2.7 

Silane, (bicyclo[2.2.1]hept-2-en-2-yloxy)trimethyl- 2.24 

Silane, (2,5-cyclooctadien-l-yloxy)trimethyl- 2.132 

Silane, (7,7 -dimethylbicyclo[2.2.1]hepta-2,5-dien-2-
yloxy)trimethyl- 2.5 

Silane, (7,7 -dimethylbicyclo[2.2.1 ]hept-2-en-2-
yloxy)trimethyl- 2.5,2.7,2.24 

Silicon, [2,3-h:2',3'-g:2",3" -1:2",3"-
q ]porphyrazinatobis( tribenzy Isilanolato)- 7.40 

Silicon, [2,3-h:2',3' -g:2",3" -1:2",3"· 
q ]porphyrazinatobis(tripropylsilanolato)- 7.41 

Silicon, tetranaphtho[2,3-b:2',3'-g:2",3"-1:2",3"-
q Jporphyrazinatobis(tribenzylsilanolato)- 7.17 

Silicon, tetranaphtho[2,3-b:2',3'-g:2",3"-1:2",3"-
q ]porphyrazinatobis( trihexy lsilanolato)- 7.18 

Silicon, tetranaphtho[2,3-b:2',3'-g:2",3" -1:2",3"-
q ]porphyrazinatobis( triisobuty lsilanolato)- 7.20 

Singlet oxygen 17.64. 

Sitosteryl acetate 16.73 

Skatole 6.16 

Sodium dodecyl sulfate 17.25 

Sodium lauryl sulfate 17.25 

Solvent Yellow 14 11.104, 11.94, 11.95,11.96,11.97, 11.98, 
11.99,11.100,11.102, 11.103 

Soybean oil 17.65,2.62,4.50 

.1 Phv~ r.hpm Rpf n~t~_ Vnt 24_ NO.2. 1995 
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Spermidine 8.10 

Spermine 8.11 

Spheroidene 2.68 

(all-E)-Spheroidene 2.68 

(all-trans )-Spheroidene 2.68 

Spheroidenone 2.69 

(all-E)-Spheroidenone 2.69 

(all-trans )-Spheroidenone 2.69 

Spirilloxanthin 2.71 

(all-E)-Spirilloxanthin 2.71 

(all-trans )-Spirilloxanthin 2.71 

2,2'-Spirobi[1-benzopyran]-6,6'-diol, 7,7' -bis(l,l-
dimethylethyl)-3,3'AA' -tetrahydro-4AA'A'
tetramethyl- 4.184 

2,2' -Spirobi[ I-benzopyran]-6,6' -diol, 3,3'AA' -tetrahydro-
4,4A'A',7,7'-hexamethyl- 4.185 

1, I' -Spirobi[indene ]-5,5',6,6' -tetracarboxylic acid. 
2,2',3,3' -tetrahydro-3,3.3',3'-te'tramethyl-, tetramethyl 
ester 3.98 

2,2'-Spirobis[7-tert-butyl-3,4-dihydro-6-hydroxy-4A
dimethylbenzopyran] 4.184 

2,2' -Spirobis[2-( 7 -tert-butyl-6-hydroxy-4A-dimethyl-l
benzopyran)] 4.184 

1, I' -Spirobis[2,3-dihydro-5,6-di(methoxycarbonyl)-3,3-
dimethylindene] 3.98 

2,2' -Spirobis[3A-dihydro-6-hydroxy-4A,7 -trimethyl-I
benzopyran] 4.185 

Spirocyclopropane[ 4, 7]methanoindene, 4,5,6,7 -tetrahydro-
2.345 

Squalene 2.346 

Squarylium Dye Ia 11.46, 12.66 

Squarylium Dye 3a 11.32 

Squarylium Dye Ib 11.47 

Squarylium Dye Ie 11.48 

Stearic acid 17.66 

Stigmasta-5,22-dien-3-o1 acetate (3~) 16.74 

Stigmasta-5-en-3-o1 acetate (3~) 1G.73 
Stigmasteryl acetate 16.74 

cis-Stilbene 3.99 

Stilbene, 4A' -dimethoxy- 3.100 
Stilbene, ex,J3-dimcthoxy- 3.101 

Stilbene, a,a'-dimethyl-, (E)- 3.102,3.103 

Stilbene, a,a' -dimethyl-, (Z)- 3.103 

Stilbene, a-methyl-, (E)- 3.104 

Stilbene, a-methyl-, (Z)- 3.105 

Stilbene (Z)- 3.99 

(2)-Stilbene 3.99 

Stilbene-2,2' -disulfonate ion, 4,4' -diacetamido- 3.106 

Stilbene-2,2' -disulfonate ion, 4A'-diamino- 3.107 

(E)-Stilbene oxide 17.49 

Stobadine 6.56 

Strychnidin-lO-one 8.99 

.1 Ph\lQ r.h~m R~f n~t~ Vnl ~4 Nn ~ 1QQ~ 

Strychnine 8.99 

I-Strychnine 8.99 

Styrene 3.108 

Styrene, 3-chloro-a,~,~-trimethyl- 3.109 

Styrene, 4-chloro-a,~,~-trimethyl- 3.110, 3.121, 3.122 

Styrene, 3-cyano-a,~,~-triniethyl- 3.111 

Styrene, 4-cyano-a,~,~-trimethyl- 3.112 

Styrene, a-cyclopropyl-~,~-trimethyl- 3.113 

Styrene, ~,~-dimethyl- 3.114 

Styrene, 4-( dimethyl amino )-a,~,~-trimethyl- 3.115 

Styrene, 4-methoxy-~-methyl- 3.116 

Styrene, 3-methoxy-a,~,~-trimethyl- 3.117 

Styrene, 4-methoxy-a,~,J3-trimethyl- 3.118,3.115,3.123 
Styrene, J3-methyl-, (E)- 3.119 

Styrene, ~-methyl-, (2)- 3.120 

Styrene, 3,cx,~,~-tetramethyl- 3.121 
Styrene,4,u,(3,(3-tetramethyl- 3.122,3.709,3.777,3. 772, 

3. 117, 3. 118, 3. 123 

Styrene, a,~,~-trimethyl- 3.123,2.96 
Subtilisin B 10.32 

Subtilisin BPN' 10.32 

Subtilisin Novo 10.32 

Succinate dehydrogenase 10.13 

Sucrose 16.75 

Sudan I 11.104, 11.94, 11.95, 11.96, 11.97, 11.98, 11.99, 11.100, 

11.102, 11.103 

Sulfinylbismethane 13.81 

10-( I2-Sulfonatododecy l)phenothiazine 13.124 

2-Sulfonatopheny I-N -tert-butylnitrone 15.49 

Superoxide dismutase 10.14 

Superoxide ion 14.14 

Superoxide radical anion 14.14 

Sydnone, 3A-diphenyl- 5.102 
Sydnone.4-methyl-3-(4-methylphenyl)- 5.103 

Sydnone,3-(4-methylphenyl)- 5.104 

Sydnone, 3-methyl-4-phenyl- 5.105 
Sydnone,3 (4 methylphenyl) 4 phenyl 5.106 

Sydnone, 3-phenyl- 5.107 

Tangeretin 4.62 
Taxifulin 4.63 

Telluropyry lium, 2,6-bis( I, I-dimethylethyl)-4-[l-[2,6-
bis( 1, I-dimethy lethyl)telluropyran-4-
ylidene]-3-propenyl]- 11.161 

Telluropyrylium,2,6-diphenyl-4-(2,6-diphenyltelluropyran-
4-ylidene)methyl- 11.162 

TEMPAMIN 15.29 

[1,l',3',1"-Terphenyl]-2'-ol,5'-phenyl- 4.149 

a-Terpinene 2.105 

Terpinolene 2.121 

Tetra-O-acety 19lucose-I-thiolato( triethy Iphosphino )gold(I) 
12.170 

1,4,5,8-Tetraaminoanthraquinone 11.14 
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29,30,31,32-
Tetraazapentacyc1o[24.2.1.14,7. 112,15. 118,21]dotriaconta-

1 ,3,5,7 ,9,10,11,13,15(31),16,18,20,26(29),~7-
pentadecaen-22,24-diyne, 5,6,13,14,19,20,27,28-
octaethyl- 7.100 

25,26,27,28-
Tetraazapentacyclo[20.2.1.14,7 .1 10,13 . 116,19]octacosa-
1 (25),2,4,6,8, 1 0(27)~ 11,13,15,17,19,21 ,23-tridecaene, 
5,6,11,12,17,18,23,24-octaethyl- 7.98 

Tetrabenzofulvalene 3.66 

2',4',5',7'-Tetrabromofluorescein dianion 11.65 

Tetrabutylammonium bis[l ,2-diphenyl-l ,2-
ethenedithiolato ]nickelate(I) 12.65 

Tetrabutylammonium bis[ 1 ,2-di( 4-trifluoromethylphenyl)-
1 ,2-ethenedithlolato ]nickelate(I) 12.75 

2,11,20,29-Tetra-tert-buty lnaphthalocyanine 7.22 

Tetra( 6-tert-butyl)-2,3-naphthalocyanine 7.22 

Tetra-tert-butylphthalocyanine 7.46 
Tetracene 3.124,3.12, 7.53,8.72,8.77,9.18, 15.46 

Tetracene,5,6,11,12-tetraphenyl- 3.125,3.8,3.10,3.24, 
3.124,5.83, 7.5, 7.7,8.6,8.19,8.24,8.27,9.1,9.6, 9.14, 
9.16, 14.1, 14.2, 14.7, 15.44 

Tetracene-2,3,8,9-tetracarboxylate, 5,6,11, 12-tetrapheny 1-
3.126,3.88 

5,6,7,8-Tetrachloro-l ,2,3,4-tetrahydro-9-isopropylidene-
1,4-methanonaphthalene 2.258 

3,4,5,6-Tetrachloro-2',4',5',7' -tetraiodofluorescein dianion 
11.66 

4,6,8,10,12,14,16,18,20-Tetracosanonaene-3,22-dione, 
6,lO,15,19-tetramcthyl-2,2,23,23-tetramethoxy- (aU

E) 2.347 
4,6,8,10, 12,14,16, 18,20-Tetracosanonaene-2,3,22,23-

tetraone, 6,10,15,19-tetramethyl- (all-F) 2.348 

Tetracyclo[3 .2.0.02,7 .04,6]hep.tane 17.63 

Tetracyclone 3.60 

Tetradecanoic acid 17.67 

2,9,16,23-Tetra( 1, I-dimethylethy l)phthalocyanine 7.46 

Tetraethoxyethene 2.225 

2,3,5,6-Thlrafluorophenol 4.143 

5,6,7,8-Tetrafluoro-l ,2,3,4-tetrahydro-9-isopropylidene-l ,4-
methanonaphthalene 2.259 

Tetraglycine 10.18 

7,8,11,12-Tetrahydro-'I'-carotene 2.72 

1,2,3,4-Tetrahydro-5,8-dimethoxy-l ,4-methanonaphthalene 
3.73 

Tetrahydrofuran 17.68 

1,2,3,4-Tetrahydro-9-isopropy lidene-l,4-
methanonaphthalene 2.260 

4,5,6,7-Tetrahydro-4, 7 -methanoindene 2.254 

1,2,3,4-Tetrahydro-l ,4-methanonaphthalene 3.72 

2,3,6,7 -Tetrahydro-9-methyl[ 1 ]benzopyranL 6, 7 ,~-
ij]quinolizin-Il-one 8.4 

Tetrahydro-2-methy 1-5,8-methano-[ 1 ,2,4]triazolo[ 1,2-
a]pyridazine-l,3-dione 17.41 

Tetrahydropyrazolo[ 1 ,2-a ]pyrazole 8.89 

Tetrahydropyrrole 8.96 
4,5,6,7 -Tetrahydrospirocyclopropane[ 4,7]methanoindene 

2.345 

Tetrahydro-2,2,6,6-tetramethylpyrazolo[ 1 ,2-a ]pyrazole 
8.90 

Tetrahydrothiophene 13.168 

Tetrahydrothiopyran 13.145 

3,3.',4',7-Tetrahydroxyflavone 4.75 

2,2,3,3-Tetrakis(2,6-diethylphenyl)oxadisilirane 17.46 

2,2,3,3-Tetrakis(2,6-diisopropylphenyl)oxadisilirane 17.47 

5,10,15,20-Tetrakis( 4-iodopbenyl)porpbine, copper(ll) 7.55 

5,10,15,20-Tetrakis( 4-
methoxyphenyl)porphinatocopper(ll) 7.56 

Tetrakis( 4-sulfonatophenyl)porphine 7.57 

5,10,15,20-Tetrakis( 4-sulfonatophenyl)porphine 7.57 

1,1,2,2-Tetrakis(2,4,6-trimethylphenyl)disilirane 17.21 

1,1,2,2-Tetramesityldisilirane 17.21 

1,2,3,4-Tetramethoxybenzene 3.49 

1,2,3,5-Tetramethoxybenzene 3.50 

1,2,4,5-Tetramethoxybenzene 3.51, 3.42, 3.48, 3.50 

2,2,6,6-Tetramethy 1-4-aminopiperidine-N-oxyl 15.29 
N ,N,2,4-Tetramethylaniline 9.17 
(all-E)-3,7 ,12,16-Tetramethyl-l,18-bis(2,6,6-trimethyl-l

cyclohexen-
1-y 1)-1,3,5,7,9, II, 13,15,17 -octadecanonaene 2.66, 
2.183 

4-(1,1,3,3-Tetramethylbutyl)phenyl salicylate 4.144 

2,2,5,5-Tetramethyl-3-cyano-4-nitropyrrolidin-l-oxyl 
15.53 

2,2,4,4-Tetramethyl-l ,3-cyclobutanedithione 13.60 

2,2,4,4-Tetramethylcyclobutanethione 13.61 

(2,2,6,6-Tetramethylcyclohexylidene )methanethione 
13.166 

2,2,6,6-Tetramethylcyclohexylthioketene 13.166 

Tetramethylene sulfide 13.168 

Tetramethylethylene 2.51,2.38,2.50, 2.52, 2.53, 2.56, 2.103, 
2.11'02.140,2.168,2.170,2.184,2.185,2.186,2.187, 2.188, 

2.189,2.190,2.191,2.192,2.193,2.194,2.195,2.196,2.223, 

2.225,2.303,2.310,2.332,2.334,3.10,3.11,3.28,3.66, 
3.125,4.3, 4.100,5.34, 7.5, 7.65, 9.93, 9.1, 13.96, 13.145 

2,6,10,14-Tetramethy 1-2,6,10, 14-hexadecatetraene 2.235 

3,7,11,15-Tetramethyl-2-hexadecen-I-oI 2.238 
Tetramethy lhydrazine 8.41 

Tetra(methyl-d3)hydrazine 8.42 

2,2,6,6-Tetramethyl-4-hydroxypiperidine 8.77,8.19 

2,3,.5,6-1etramethy lidene-7 -oxabicycIO[2.2.1 ] heptane 
2.296 

2,3,5,6-Tetramethylidene-7-oxa-2-bicyclo[2.2.I]heptane 
monoendoperoxide 2.357 

4,4' -[2,3,5,6~Tetramethylphenylenebis ]-3-methyl-l-phenyl-
2-pyrazolin-5-one 11.153' 

N,N,NI ,NI-Tetramethyl-m-phenylenediamine 9.27 
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N,N,N',N' -Tetramethyl-o-phenylenediamine 9.26 

N,N,N' ,N' -Tetramethy I-p-pheny lenediamine 9.31 
2,2,6,6-Tetramethylpiperidine 8.63 

2,2,6,6-Tetramethylpiperidine-N-oxyl 15.43 

2,2,6,6-Tetramethylpiperidin-l-ol 15.28 
2,2,6,6-Tetramethylpiperidin-4-o1 8.77, 8.19 

2,2,6,6-Tetramethyl-4-piperidinol N-oxyl 15.33 

2,2,6,6-Tetramethyl-4-piperidinol-l-oxyl benzoate 15.34 

2,2,6,6-Tetramethyl-4-piperidinol-l-oxyl butyrate 15.35 

2,2,6,6-Tetramethy 1-4-piperidinol-1-oxyl crotonate 15.36 

2,2,6,6-Tetramethyl-4-piperidinol-l-oxyl methacrylate 
15.40 

2,2,6,6-Tetramethyl-4-piperidinol-l-oxyl pentanoate . 15.41 

2,2,6,6-Tetramethyl-4-piperidone N-oxyl 15.44 
3,7,12,17-Tetramethylporphine-2,18-dipropanoic acid, 

dimethy 1 ester 7.94 
Tetra(2-methylpropyl)hydrazine 8.43 
3,4,4,5-Tetramethylpyrazole 15.3 

3,0.,13,13-Tetramethylstyrene 3.121 

4,0.,13,13-Tetramethylstyrene 3.122,3.109, 3.111, 3.112, 3.117, 
3.118,3.123 

6,IO,I5,19-Tetramethyl-4,6,8,10,12,I4,16,18,20-
tetracosanonaene-2,3,22,23-tetraone (aU-£) 2.348 

6,10,15,19-Tetramethy 1-2,2,23 ,23-tetramethoxytetracosa-
4,6,8,10, 12, 14, 16, 18,20-nonaene-3,22-dione (aU-£) 
2.347 

3,3,6,6-TetramethylthiacycIohept-4-ene 13.150 

3,3,6,6-TetramethylthiacycIohept-4-yne 13.147 
3,3,6,6-Tetramethylthiacyc1ohept-4-yne 1,1-dioxide 13.148 

3,3,6,6-Tetramethylthiacyc1ohept-4-yne I-oxide 13.149 

2,2,4,4-Tetramethyl-3-thioxocyc1obutanone 13.62 
Tetramethyl-o-xylylene 2.104 

Tetranaphtho[2,3-b:2',3'-g:2",3"-1:2"',3'" -q]porphyrazine, 
1,6,10,15, 19,24,28,33-octabutoxy-, palladiumCll) 
7.21 

Tetranaphtho[2,3-b:2',3'-g:2",3"-1:2"',3"'-q]porphyrazine, 
2,11 ,20,20-tetrakis(1, I-dimethy lethy 1)- 7.22 

Tetraphene 3.23 

trans-Tetrapheny 1 bacteriochlorin 7.54 

Tetraphenylchlorin 7.50 
Tetraphenylcyc1opentadienone 3.60 

Tetrapheny I-p-dioxin 2.196 
Tetraphenylfuran 5.52 

2,3,4,5-Tetraphenylfuran 5.52 

1,3,4,7 -Tetraphenylisobenzofuran 5.85 
5,6,1l,12-Tctraphcnylnaphthaccne 3.125,8.8,8.10,8.24, 

3.124,5.83, 7.5, 7.7, 8.6, 8.19, 8.24, 8.27, 9.1, 9.6, 9.14, 
9.16, 14.1, 14.2, 14.7, 15.44 

[1,10,19,28-
Tetraphenylnaphthalocyanine]hydroxyaluminum(ill) 
7.23 

5,10,15.20-TetraphenylporphinatocadmiumCll) 7.60 

5,1 Q, 15,20-Tetraphenylporphinato( chloro )aluminum(llI) 
ion 7.61 

5, 10, 15,20-Tetraphenylporphinatocobalt(ll) 7.62 
5,10,15,20-Tetraphenylporphinatocopper(II) 7.63 

5,10,15,20-Tetraphenylporphinatomagnesium(ll) 7.65 

5,10,15,20-Tetraphenylporphinatonickel(II) 7.67 

5, 10, 15,20-Tetraphenylporphinato(thiocyanato-S)iron(llI) 
7.70 

5,10,15,20-Tetraphenylporphinatozinc(ll) 7.68 

5, I 0, 15,20-Tetraphenylporphine 7.59 

meso-Tetraphenylporphine 7.59 
5,6,11,12-Tetraphenyltetracene 3.125,3.8,3.10,3.24,3.124, 

5.83, 7.5, 7.7, 8.6, 8.19, 8.24, 8.27, 9.1, 9.6, 9.14, 9.16, 14.1. 

14.2, 14.7, 15.44 

Tetrapheny ltetrahydroporphine 7.54 
2,2' -Thiacarbocyanine, 5,5'-dichloro-3,3-diethyl-, bromide 

11.163 
2,2' -Thiacarbocyanine, 5,5'-dichloro-3,9,3' -triethyl-, 

bromide 11.164 
2,2' -Thiacarbocyanine, 5,5'-dicyano-3,9,3' -triethyl-, 

tetrafluoroborate 11.165 
2,2' -Thiacarbocyanine, 3,3' -diethyl-, toluenesulfonate 

11.166 
2,2'-Thiacarbocyanine, 3,3' -diethyl-5,5' -dimethoxy-, 

toluenesulfonate 11.167 

2,2' -Thiacarbocyanine, 3,3' -diethy 1-8,1 O-dimethyl-, 
toluenesulfonate 11.168 

2,2' -Thiacarbocyanine, 3,3' -diethyl-8, IO-ethanediyl-, 
toluenesulfonate 11.169 

2,2'-Thiacarbocyanine, 3,3' -diethyl-8,9-(1,3-propanediyl)-, 
iodide 11.170 

2,2' -Thiacarbocyanine, 3,9,3' -triethyl-, bromide 11.171 

2,2'-Thiacarbocyanine, 3,3',9-triethyl-5,5' -dimethoxy-, 
toluenesulfonate 11.172 

Thiacycloheptane- 13.146 

Thiacyclohexane 13.145 

Thiacyclohex-2-ene, 2-methyl-, I-oxide 13.143 
Thiacyclopent-2-ene, 2-methyl-, I-oxide 13.144 

2,2' -Thiadicarbocyanine, 3,3' -diethyl-, iodide 11.173 

3-Thiaheptane 13.82 
2-Thiahexane 13.57 

Thiane 13.145 
2,2'-Thiatricarbocyanine, 3,3' -diethyl-, iodide 11.174 
Thiepane 13.146 
Thiepin,4,5-didehydro-2,3,6,7-tetrahydro-3,3,6,6-

tetramethyl- 13.147 
Thiepin, 4,5-didehydro-2,3,6, 7 -tetrahydro-3,3,6,o

tetramethyl-, 1,I-dioxide 13.148 

Thiepin, 4,5-didehydro-2,3,6,7 -tetrahydro-3,3 ,6,6-
terramethyl-, I-oxide 13.149 

Thiepin, 2,3,6,7 -tetrahydro-3,3,6,6-tetramethyl- 13.150 

Thiirane, 2,3-diphenyl-, (E) 13.151 
Thiirane, methyl- 13.152 
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Thioanisole 13.29 
Thiobenzamide 13; 153, 13.154,13.155, 13.156, 13.157 

Thiobenzamide, 4-chloro- 13~153 

Thiobenzamide, 4-methoxy- 13.154 
Thiobenzamide, 4-methyl- 13~lSS 

Thiobenzamide, 4-nitro- 13.156 
Thiobenzamide, 4-(trifluoromethyl)- 13.157 
Thiobenzophenone, 4-chloro- 13.158 

Thiobenzophenone, 4,4' -dichloro- 13.159 
Thiobenzophenone, 4,4' -dlmethoxy- 13.160 
Thiobenzophenone, 4,4' -dimethyl~ . 13.161 

Thiobenzophenone, 4-methoxy- 13.162 
Thiobenzophenone,4-phenyl- 13.163 
2,2/~ Thiobis[ 4-(1,1 ,3,3-tetramethylbutyl)phenol] 4.145 
[2,2"-Thiobis(4-(I,1,3,3-tetramethylbutyl)phenolato)](n-

. butylamine)nickel(ll) 12.122 
Thiocamphenilone 13.44 
Thiocamphor 13.47 
Thioctic acid 13.90.3.125 

2,2' -Thiodiethanol 13.164 
Thiofenchone 13.46 
Thioketene, di-tert-butyl- 13.165 
Thioketene,2,2,6,6-tetramethylcyc1ohexyl- 13.166 
Thiola 13.101 
2-Thiol-L-histidine 13~106 

2-Thiol-L-histidine betaine 13.104 
2-Thiol-L-histidine betaine, anion 13.105 
Thionine cation 11.114 

Thionorcamphor 13.43 
Thiophene 13.J67 
Thiophene, 2,3-dihydro-~-methyl-2-(1-methylethyl)-, 1-

oxide 13.144 
Thi<;>phene, tetrahydro- 13.168 
2,5-Thiophenedithione, 3,4-

bis[ (cyc1ohexy lamino )methylene ]dihydro-, (Z,Z) 
13.169 

Thiophene-3-methanamine, 5-ethyl-2"thio-N,N'
(ethanediyl)bis- 13.171 

2-Thiophenethione, 3-[( cyc10hexy lamina )methylene ]-5-
ethyl-, (Z)- 13.170 

2-Thiophenethione, 3,3'-[1,2-
ethanedi y lbis(iminomethy Iidyne ) ]bis [5-ethy 1-, (Z,Z) 
13.171 

Thiopropionylglycine 13.101 
Thiopropionylglycine, negative ion 13.102 
Thiopyran, 3,4-dihydro~6-methyl-, I-oxide 13.143 
Thiopyran-4-thione 13.172 
Thiopyran-4-thione, 2,6-diphenyl- 13.173 
Thiopyry Ii urn, 2,6-bis( 1, I-dime thy lethy I )-4-[1-[2,6-bis( 1,1-

dimethy lethyl )selenopyran-4-ylidene]-3-propeny 1]-
11.175 

Thiopyrylium, 2,6-bis(I,1-dimethylethyl)-4-[1-[2,6-bis(I,1-
dimethylethy I )thiopyran-4-yIidene]-3-propen yl]-
11.176 

Thiosinamine 13.175 
Thiourea 13~174 

Thiourea, allyl- 13.175 
Thiourea, methyl- 13.176 
4-Thiouridine 16.76 

1,4-Thioxane 13.177 

cx-Thujene 2.30 
Thymidine 16.77 
Thymidine monophosphate 16.78 
Thymidine 5'-monophosphate 16.78 
5'-Thymidylic acid 16.78 
Thymine 16.79 

Tiglic acid 2.58 
Tin, tetranaphtho[2,3-b:2',3'-g:2/,3" -1:2",3"-

q ]porphyrazinatobis( trihexylsilanolato)- 7.19 
Tin(IV) dichloro[octaethyldihydropurpurin ethyl ester] 

7.29 

Tin(IV) (dichloro)5,10,15,20-tetraphenylporphyrin 7.64 
Tinuvin 144 8.73 
Tinuvin 622 8.67 
Tinuvin 770 8.78 
Tocol 4.48 
cx-Tocopherol 4.50 
~-Tocopherol 4.52 
y-Tocopherol 4.53 
8-Tocopherol 4.46 
cx-Tocopherol.ethy1 ether 5.5 
a-Tocopherol hydroqninone 4.28 

~-Tocopherol. hydroquinone 4.26 

'Y-Tocopherol hydroquinone 4.27 
cx-Tocopherol methyl ether 5.4 
cx-Tocopheryl acetate 16.11 
Toluene 3.127 
Toluene·dg 3.128 

Toluene-dg 3.128 
cx-Toluenethiol 13.42 
Toluidine Red 11.101 

p-Toluquinone 16.13 

3-Tosyloxy-l ,3,5(1 0),9( 11 )-estratetraen-17 -one 16.33 
1,2,4-Triazolobenzo[ 1 ,3]cyclopropa[1 ,2,3-

cd]cyc1opropa[gh ]pentalene, 1,2,5 ,6,6a,6b,6c ,6d
octahydro-l ,6[1 ',2']-4-methyl-3,5-dioxo- 17.69 

1,2,3-Triazolo [1 ,2-a ]benzotriazole 11.177 
1,2,4-Triazolo[1,3]cyclopropa[1,2,3-

cd]cyclopropa[gh]pentalene, 1,2,5,6,6a,6b,6c,6d· 
octahydro-l,6[1 ',2']-4-methyl-3,5-dioxo- 17.70 

Tribenzo[ a,f,j]perylene, ·9, 18-dipheny 1- 3.129 
Tribenzylamine 8.6 
nibutylamine 8.13 

-. ...... - .... _ "_I ft. "1_ " 04nnr: 
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2,4,6-Tri-tert-butylphenol 4.147 

Tributyl phosphite 17.71 

Tricarbocyanine, 5,51-dichloro-l,l',3,3,3/,3/-hexamethyl-, 
iodide 11.178 

Tricarbocy:mine, 5,5'.rliflnoro-1 ,1',3,3,3',3' -hexamethyl-, 
iodide 11.179 

Tricarbocyanine, 5,5' -dimethoxy-l, 1 ',3,3,3',3' -hexamethyl-, 
iodide 11:180 

Tricarbocyanine, 1,1 ',3,3,3',3' -hexamethyl-, fluoride 11.181 

Tricarbocyanine, 1,1 ',3,3,3',3' -hexamethyl-, iodide 11.182 

Tricarbocyanine, 1,1 ',3,3,3',3' -hexamethy 1-, perchlorate 
11.183 

Tricarbocyanine, 1,I',3,3,3',3',5,5'-octamethyl-, iodide 
11.184 

2,4,6-Trichlorophenol 4.146 

2,4,6-Trichlorophenoxide ion 4.182 

cis-9-Tricosene 2.349 

(Z)-9-Tricosene 2.349 

Tricyclo[3.3 .1.13,7 ]decane, 2-(3-chlorophenoxymethylene)-
2.350 

Tricyclo[3.3 .1.1 3,7 ]decane, 2-( 4-chlorophenoxymethy lene)-
2.351 

Tricyclor3 .3.1.13, 71decane, 2-(hydroxymethylene )-, acetate 
2.2 

Tricyclo[3.3.1.13,7]decane, 2-(4-
methoxyphenoxymethy lene)- 2.352 

Tricyclo[3.3.1.13,7]decane, (l-methylethylene)- 2.353 

Tricyclo[3.3.1.13,7]decane, 2-(4-
methy lphenoxymethy lene)- 2.354 

Tricyclo[3.3.1.1 3,7]decane, (2-methylpropylidene)- 2.355 

Tricyclo[3.3.1.1 3,7]decane, 2-(phenoxymethylene)- 2.350, 

2.351,2.352, 2.354 

Tricyc1o[3.3.1.1 j;']decane, tricyclo[3.3.1.1 3;']decylidene-
2.356, 13.112 

Tricyclo[3.1.0.02,6]hex-3-ene 2.3 

Tricyclohexyl phosphite 17.72 

1,1,2-Tricyclopropylethene 2.169 

4-[1,5,5-Tri(4-
diethylaminophenyl)pentadienylidene]anilinium per
chlorate 11.110 

Triethanolamine [2,2' -thiobis[ 4-( 1,1,3,3-
tetramethy 1 buty 1) ]phenolato]nickel(II) 12.171 

1,1,2-Triethoxyethene 2.226 

Triethylamine 8.24 

3,9,3' -Triethyl-4,5,4',5' -dibenzo-2,2' -thiacarbocyanine 
bromide 11.106 

3,9,3' -Triethyl-5,5' -dimethoxy-2,2' -thiacarbocyanine 
toluenesulfonate 11.172 

Triethylenediamine 8.19 

O,N,N-Triethylhydroxylamine 15.22 
Triethyl phosphite 17.71, 17.72, 17.73 

3,9,3'-Triethyl-2,2' -thiacarbocyanine bromide 11.171 

4-(Trifluoromethyl)thiobenzamide 13.157 

J. Phvs. ChAm- RiIi'f nAhla \lnl ?Jl ....... ., oj nne: 

Triglycine 10.17 

Trihexylsiloxyaluminum naphthalocyanine 7.24 

Trihexylsiloxygallium naphthalocyanine 7.25 

4',5,7-Trihydroxyflavanone 4.72 

3,5,7 -Trihydroxy-2-( "-hydroxyphenyl)-2-benzopyran 11 

one 4.64 

1 ,2,3-Trimethoxybenzene 3.52 

1,2,4-Trimethoxybenzene 3.53,3.51 

1,3,5-Trimethoxy benzene 3.54 

Trimethylamine 8.47 

N ,N,4-Trimethyianiline 9.19 

1,3,3-Trimethylbicyc1o[2.2.1 ]heptane-2-thione 13.46 

1,7,7 -Trimethylbicyclo[2.2.1 ]heptane-2-thione 13.47 
4,6,6-Trimethylbicyclo[3.1.1 ]hept-3-ene-2-thione 13.4X 

3,5,5-Trimethyl-2-cyclohexene-l-thione 13.65 

4-(2,6,6-Trimethyl-l-cyclohexen-l-yl)-3-buten-2-one 2.(.1 

(E)-2,6,9-Trimethyl-l ,6-decadiene 2.171 

(Z)-2,6,9-Trimethyl-I,6-decadiene 2.172 

1,1,2-Trimethyl-2-(2,2-dimethylpropyl)hydrazine' 8.44 

2,6,10-Trimethyl-2,6,10-dodecatriene 2.210 

Trimethylhydroquinone 4.31 

1,2,3-Trimethylindole 6.18 
2-[7 -( 1 ,3,3-Trimethyl-2-indol-2-ylidene)- 1-[4-(2,2-

dimethoxyethyl)-1,3,5-heptatrienyl]- 1,1,3-, 
trimethylindolium, tetrafluoroborate 11.74 

2-[7-(1,3,3-Trimethyl-2-indol-2-ylidene)- 1-[4-(1-
piperidinio )-1,3,S-heptatrienyl]- 1,3,3-
trimethylindolium, bis(tetrafluoroborate) 11.75 

2-[7 -(1,3,3-Trimethyl-2-indol-2-ylidene)- 1':'[4-[3-(1,3,3-
trimethyl-2-indolylidene)-2-propenyl]- 1,3,5-
heptatrienyl]-1,1,3-trimethylindolium, 
tetrafluoroborate 11.76 

1,5,7 -Trimethyl-3-methylidene-2,6,9, 1 0-
tetrathiaadamantane 2.253 

1,1,2-Trimethyl-2-(2-methylpropy l)hydrazine 8.45 

1,1,3-Trimethyl-2-naphthalenethione 13.114 

1,2,3-Trimethyl-5-nitroindole 6.19 

2,7,7-Trimethylnorborn-2-ene 2.23,2.9,2.11 

2,3,4-Trimethyl-l-pentene 2.303 

2,3,4-Trimethyl-2-pentene 2.313 
2,4,4-Trimethyl-2-pentene 2.314 

,(E)-3,4,4-Trimethyl-2-penten-l-ol 2.321 

(2)-3,4,4-Trimethyl-2-penten-l-ol 2.322 
2,4,6-Trimethylphenol 4.148 

Trimethyl phosphite 17.73,17.74 

2,4,4-Trimethyl-Ll1-pyrroline-N-oxide 15.52 

, 4,5,5-Trimethyl-Ll1-pyrroline-N-oxide 15.51 

6-(Trimethylsiloxy )-1 ,4-cyc1ooctadiene 2.132 

2-(Trimethy lsiloxy )norboma-2,5-diene 2.7 

2-(Trimethy lsiloxy )norbom-2-ene 2.24 

(X,~,~-Trimethylstyrene 3.123, 2.96 
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1,3,3-Trimethyl-2-[7-[1,3,3-
trimethylindolidene ]heptatrienyl]indolium per
chlorate 11.183 

8,9,11-Trioxatetracyclo[ 4.2.2.1.05,6]undec-5-ene, 2,3-
bis(methylene)- 2.357 

Tri( 1 ,2,2,6,6-pentamethyl-4-piperidinol) nitrilotriacetate 
8.75 

Triphenylamine 9.8 

1,1,3-Triphenylisoindole N-oxyl 15.25 
Triphenyl nitrone 15.5 

2A,6-Triphenylphenol 4.149 

Triphenylphosphine 17.75 

1,3,5-Triphenyl-2-pyrazoline 11.121,11.122,11.123,11.124, 
11.125, 11.126, 11.127 

Triphosphopyridine nucleotide 16.49 

Tris(acety lacetonato )chromate(llI) f2.172 
Tris( ncety lacetonato )cobal t(IU) 12.173 

Tris( acetylacetonato )iron(ID) 12.174 

Tris( acetylacetonato )manganese(llI) 12.175 

Tris(2,2' -bipyridine )cobalt(ll) ion 12.176 

Tris(2,2' -bipyridine )ruthenium(ll) dichloride 12.177 

Tris(hydroxymethyl )aminomethane 17.59 
l'ris( 1,1 O-phenanthroline )coba1t(IT) ion 12.178 

Tri(2,2,6,6-tetramethyl-4-piperidinol) nitrilotriacetate 8.80 

(all-E)-1,3,5,7,9, 11,13,15,17,19,21,23,25,27,29,31,33-
Tritriacontaheptadecaene,3,7,11,15,20,24,28,32-
octamethyl-l,34-bis(2,6,6-trimethyl-l-cyclohexen-l
yl)- 2.358 

Trolox C anion 4.44 

Troxerutin 4.57 

Trypaflavine cation 11.2 
Trypsin 10.33 

Tryptamine 10.34 

Tryptamine, N-methoxycarbonyl- 10.35 
Tryptophan 10.36 

Tryptophan, N-acetyl- 10.37 

Tryptophan, N-acetyl-, methyl ester 10.38 

Tryptophan, glycyl- 10.41 

L-Tryptophan, ethyl ester 10.40 

Tryptophan, methyl ester 10.42 
L-Tryptophan. L-alanyl- 10.39 

Tryptophanamide 10.43 
T.-Tryptophflnamide, N-flcetyl- 10.44 

Tryptophylglycine 10.21 

L-Tryptophylglycylglycine 10.22 

Tyramine 4.186 

Tyrosine 4.187 

Tyrosine, glycyl- 4.189 
L-Tyrosine, N-acetyI-, ethyl ester 4.188 

Tyrosine, methyl ester 4.190 

L-Tyrosylglycine 4.76 
Ubiquinol 0 4.21 

Ubiquinol 10 4.25 

1,6-Undecadiene, 2,6-dimethyl-, (E)- 2.359 

1,6-Undecadiene, 2,6-dimethyl-, (2)- 2.360 

Undecanoic acid 17.76 

Urate ion 16.64 

Urea 17.77 

Urea, allyl- 17.78 

Uric acid anion 16.64 

Uridine 16.80 

Valeric acid 17.79 

Vaska's complex 12.123 

Veratrole 3.38 

Vincamine 8.100 
Vinyl acetic acid 2.59 

2-Vinylfuran 5.53 

4-Viny lprotochlorophy 11 7.34 
4-Vinylprotopheophytin 7.35 

Violaxanthin 2.80 

Vitamin A 2.343 

Vitamin A acid 2.342 

Vitamin B2 16.72 
Vitamin D3 2.361 

Vobasan-17-oic acid, 19,20-dihydro-3':oxo-, methyl ester, 
(20a) 8.101 

WR-I065 13.94 

Xanthophyll 2.75 

Xanthotoxin 5.87 

2,4-Xylenol 4.116 

2,6-Xylenol 4.117 

3,4-Xylenol 4.118 
zeaxanthin 2.79 

Zinc(II), bis[3-( cyclohexy limino )methyl]-5-ethyl-2-
thiophenethionato]- 12.23 

Zinc(TI) bis(acetylacetonate) ~2.13 

Zinc(lI) bis(dibutyldithiocarbamate) 12.29 

Zinc(II) bis(diisopropyldithiocarbamate) 12.51 

Zinc(U) bis( 0 ,0' -dipheny ldithiophosphate) 12.72 

Zinc(lI) bis[2,2'-thiobis[O,0'-di(4-tert-
butylphenyl)dithlophosphate]] 12.115 

Zinc(II) etiopurpurin ethyl ester 7.31 

Zinc(II) porphyrin 7.71 

Zinc(ll) protoporphyrin 7.81 
Zinc(ll) protoporphyrin IX 7.81 

Zinc(II) sulfophthalocyanine 7.44 

Zinc(II) tetraphenylchlorin 7.53 

Zinc(II) tetraphenylporphyrin 7.68 

Zinc(II) 5,lO,15,20-tetraphenylporphyrin 7.68 




